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PREFACE 


PuRonASERS of Achromatic Telescopes, mounted 
o([iiatonally or otheiwisc, having frequently requested 
inc to furnish them with a concise statement of the 
leading principles upon which the construction and 
ajiphcation of such mstiumcnts depend, it ocemred 
to mo that I should best consult the convenience of 
such applicants, by pieparing for the press a brief 
summaiy of the subject This I have done, and the 
following pages are the result It must, however, be 
understood that these do not contam any discussion 
of piincijilcs , and if in my attempt at explanation of 
llioin I have exceeded the scheme I originally pro- 
posed to myself, it has been m those cases only in 
which the simplicity of the subject appeared to be 
favourable to my so doing At the same tune, in the 
order I have adopted, my especial object has been so 
to diicct the inquu'or, that ho may find little difficulty 
111 (leteimming precisely upon what points he re- 
(juires inoie elaborate scientific information, and, for 
Ins further assistance, I have supplied him with such 
references as seemed to me to be needful 
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THE 


ACHEOMATIC REFEACTING TELESCOPE. 


Refraction is that bending which a ray of light suffers Reft action 
when it passes obliquely fiom a xaici into a dcnsci medium, 

01 the level sc This effect is seen if a stiaight stick be 
plunged obliquely into watci , the pait immcised having the 
appcaiance of being bent upwaids 

It IS also shown by the well-known cxpciimcnt of placing 
an object, such as a coin, at the bottom of an cm]ity basin, 
and withdi awing the eye till the com is concealed by its 
('dgo, when, if watci be pouicd into the vessel, the com will 
leappeai 

Similai to the above is the effect pioduced by tlie atnio- 
splune upon lays, which, pioceeding fiom the heavenly bo- 
dies, ti averse it on then jiassagc towaids the eaith It is 
well known that the atiuospheie clumnislies iii density as lis 
distance fioin the eavth^s siufacc incieases, and to a spec- 
tatoi at this suiface the apjiaient altitude of a heavenlj body 
will, theicfoie, be gieatei than its tiue altitude In tlie ho- 
iizon the diffeicnce between the two exceeds the ajipaient 
diainctci of the sun, so that, as in the case of th(‘ com ahovc- 
nientioued, an olijcct may appeal above the hoiizon when it 
IS leally below it 

A lens is a piece of glass, oi other tianspaicnt medium, Lews 
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formed with a spheiical suiface or surfaces^ and acts by its 
lefi acting powei It is cithei convex or concave 

If one side of a lens be flat it is joto/o-conve\ oi concave 
If both sides be eithei convex or concave^ and the ladii of 
ciirvatme be equal to one anothei^ the lens is said to be 
double convex oi concave If the cuives of a lens be ol un- 
equal radiij it is said to be crossed 

If one side be convex and the othei concave, it foims 
either a meniscus or a concavo-convex lens , the foimci ha- 
ving the effect of a convex, and the lattci of a concave lens 
L The axis of a lens is the line 

A which joins the ccnties of the 

y ^ spheies of which its sui faces aic 

TV sections, and it is evident that 

around this line the lens is in 
eveiy icspect symmetrically disposed Thus is the axis of 
the lenses c and d 

Paiallel lays entering a convex lens aie convcigcd towaids 

the axis and meet m a point /*, 
called the focus The distance 
of / fiom the ncaicst suiface of 
the lens is called the local di- 
stance 

Paiallel lays entcimg a concave lens divcige fiom the axis 

The focus J IS the point 
in which the diveiging 
lines 'would meet il 
pi odu ced backwai ds 
thiough the lens to the 
axis In this case tlie 
focal distance is said to 

be negative 

The focal distance in the case of a plano-convex lens is 
equal to the diametei of the sphcie of which the lens is a 
section 

The focal distance in a double convex lens is equal to the 
radius of the spheie of which its surfaces are sections 


Fig 3 
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The local distance m the case of a ciossed lens is found by 
dividing twice the pioduct of the ladii by then sum 

The same lulcs apply to the dctcimination of the foci of 
concave lenses^ and foi all lenses made of plate glass the le- 
sults will be veiy ncaily coiioci, but the seveial kinds of 
glass^ and other substances, of which lenses can be foimcd, 
having diffcicnt dcgiccs of icfiactmg powci, the focal di- 
stance, which depends upon this lefiactmg powci, will, to 
some c\tcnt, vaiy accordingly 

The focus foi paiallcl lays is teimed the piincipal or solai 
focus, and is the point upon which the lays fiom a celestial 
object aie condensed, thus, the paiallel lays a a will be con- 
veigcd to /, the piincipal focus of the lens, but il the ladiant 

Fig 4 
cu- 
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point be neaici to the lens, as at then the focus will be le- 
inovecl to and these two points, b and Z', aic teimcd con- 
lugatc foci, and aic in all cahcs. convcitible thus, if become 
the ladiaut point, h will be changed into the focus 

If lays fiom an object a (fig 5) pass thiough a small hole 
in a wiudow-shuttei an mvcitcd 5 

image of that object will be foinicd, _ 
eitlicx upon the opposite wall, oi upon ^ 
a ])icec ot white papci oi sciccn, placed 
at any distance, as at c Now, if the hole be enlaigod, and a 
convex lens, the focal length of which is equal to A, e, be 
fixed in the window-shuttei, the size of the image will lomain 
unaltcicd, but the brilliancy and distinctness will be incicased 
by the gi eater quantity of light leccivcd by the lens and 
condensed upon tlic sci eon at ( 

Let c (fig G) be an image of the object a founed by the 
lens b upon a senutiansparcnt sciccn Now, if' this image 
be viewed by a lens rf, of shoriei focal length than that of 6, 
the combination becomes a telescope, of which h is the ob- 
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Spherical 
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ject-glass and d the eye-glass The image in this telescope 
will be seen mveited 

Fig 6 

0 ^ 

A 

The telescope invented by Galileo consisted of a convex 
object-glass h (fig 7), and a concave eye-glass c placed withm 


Fig 1 
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the focus of h Objects aie by this telescope shown ciect, 
but the field of view is small, being limited by the apciture 
of the pupil of the eye This combination of lenses is now 
kno^vn, and almost exclusively used, as an opcia-glass 

If the lays piocceding fiom an object, and passing thiough 
a convex lens, weie all convcigcd to points situated in the 
same plane, the task of making a perfect telescope would be 
a vciy easy one indeed, but this is by no means the case 
The optician has two difficulties to oveicome, one aiising 
from the foim of the lens, and the othei from the unequal 
refrangibihty of the scvcial colouied rays of which hght con- 
sists — the foimei pioduces what is called spheiical, and the 
lattei chiomatic abeiration 

We in the fiist instance spoke of the focus of a lens as a 
point Stiictly speaking, howevei, those lays only which 
aie lefi acted at the same distance from the centie of the 
lens, intcisect one anothei in one and the same point, which 
IS thcicfoic the focus of only a single iing, and the foci of 
difieient iings aie sepaiatcd by small distances along the 
axis Thus, the rays which pass thiough a ring of the lens, 
which IS situated ncai to the axis, have a focus moie distant 
from the lens, than those which pass thiough a ring near to 
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the ciicumfercnce, as is shown by % 8^ where /and/ repre- 
sent the foci of maiginal and of neaily cential rays The 

Fig 8 



distance fiom / to f is called the longitudinal sphciical 
abcriation The lateial ahciiation compichcnds a ciiclcj of 
which a, h is the dianictci 

The cmc of sphciical abciiation is effected by giving 
suitable foims to lenses^ and aiiangmg them accoiding to 
methods which aic laigely discussed in all woiks on optics 
The lemoval of chiomatic abeiiation^ oi the pioduction ol 
the achromatic object-glass, is the effect of an cvpcdicnt of 
so much beauty and ingenuity, and at the same time so 
compiehcnsible by the model atcly scientific leader, that it 
shall be fuithci ticated of in this place 

When a beam of light {a, fig 9) passes thiough a small 


Fig 9 



ciiculdi hole m a wm- 
dow-shuttci, and is le- 
ft acted by a pi ism, il 
will be dispcised, and 
if a sciecii be mteipo- 
sed for the puiposc of 
icccivaig the dispc i sed 
lays, a spcctium V, 11 
will be foiuicd upon it Although the light on entcung the 
piisni was pel feet ly white, it will now be sej)<iratcd into lays 
of vaiious coloiiis, which will be ciiraiigcd in the order of 
their rcfiangibility ll(‘d, being the least lefrangible, will be 
seen at It, and violet, the most lefiangiblc, at V, the in- 
termediate colours being orange, yellow, gicen, and blue 
Now, as in evciy ease of simple rcftaction thcie is the same 
development of colour, it follows, that when lays ftom any 
object pass through and arc icftacted by a lens, there will be 


I)isp( I Sion 
l>y a pusui 


By a lens 
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Reunion of 
the colours, 
or achio- 
matism 


Achromatic 

object- 

glass 


d senes of colouied images^ extending fiom V to R (fig 10), 
Fig 10 V, R lepiesentmg the 

amount of longitudmal 
chiomatic abeiiation, and 
the geneidl effect will be, 
that no distinct image is 
foimed, or can be formed, by a lens undei such ciicuni- 
stances 

Early experimentalists were led to the conclusion, that 
piisms of all kinds of glass, pioducmg the same amount of 
mean refiaction, foim spectia of the same length fiom V to 
R (fig 9), or, in other woids, have the same dispcisivc 
powei , and hence, that achiomatism, oi the destiuction of 
colour, could only be effected by equal and opposite i enac- 
tions Now, as in such case, the reunited beam would emeige 
paiallel to its fiist diiection, they weie led to believe that a 
lefi acting telescope, which icquues the convcigencc of the 
lays in oidci to foim an image of the object, could not be 
made achiomatic This conclusion was found to be eiioncous, 
foi flint and ciown-glass produce spectia of the same length, 
under a different amount of mean refraction, and these sub- 
stances are therefore made use of for forming the achromatic 
object-glass 

Let a (fig 11) be the section of half a convex lens of crown- 
glass, and b of a concave lens of flint glass, A F then common 



Fig 11 



axis If c c, a ray from any remote object, fall upon the ex- 
ternal surface of the crown-glass a, the red, or least refran- 
gible lay, will take the direction c ?, and the violet, the direc- 
tion cv , and if these lays were not intercepted, they would 
proceed to the axis, and form colouied images, as before shown 
(fig 10) The concave lens, however, now causes a divergence 
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of the lays to take place^ and the ray v, beings as befoie, on 
account of its gicatci lefiangibihty, more bent than the lay 
7 y they giadually appioach each othei and aic icunited at F 
the focus, wheie a neaily colourless image will be foimcd 
It is stated above that the image will be neaihj colou7^ 
less It will not be peifcctly so, because no two media 
having diflfcicnt dispcisivc powers have yet been discoveicd, 
by which aie foimcd spcctia, whciein the scveial colours 
have an exact piopoitionality the one to the other , and con- 
sequently, no ait of the optician can peifcctly ic-unitc, by the 
second lefi action, the coloms which have been scpaiated by 
the hist This effect, known undci the name of iiiationaJity, 

IS sometimes so gicat, that the foimation of a toleiably achio- 
matic object-glass out of two given discs of oiown and flint- 
glass is an absolute impossibility A cuic foi this defect has 
been attempted by intioduciiig a thud lens of plate glass, and 
sometimes with good effect 

The tcims ^mdei •^coi i ecLed and ovo7 ~co7 i ected^ as applied to 
an object-glass, may hcie be explained By icfciiing to 
fig 11, it will be seen, that the puiposc of the concave, oi col- 
lecting lens of flint-glass /;, is to effect the icuuion of the 
lays V and 11 If it fall shoit of this object, the glass is in 
an undci -collected state , but if it do moie than is lequiied of 
it, the violet lay will have a focus beyond the led, and the 
01 del of the colouis will be invcited This would be a case 
of ovci -collection 

In foimei times, much uncertainty attended all experiments 
on the solai spcctium with a view to the collection ol colour, imcb 
in consequence of the difficulty of defining the limits of each 
coloiu They arc so softened off and blended one with an- 
other, that it IS impossible to deteiinmc, with any degree of 
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coitamty, whcie one ends and another begins* A discovery 
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Adial tele- 
scope 


of modem times, howevei, has icmovcd this difficulty The 
spectium IS crossed by daik lines, visible thiough a telescope, 
which divide its length into definite spaces (fig 12) These 
hncs ^e distmguished by a few of the lettcis of the alphabet, 
as A, B, C, &c , and it is now usual, when anything like pi e- 
cision IS aimed at, to cxpiess the dispersive powcis of media 
by t^ lengths of the spaces included between the lines A 
and B, B and C, and so of the test 

Having now taken a biief view of the pimciplcs upon which 
the constiuction of the achiomatic telescope is founded, the 

attention of the icadci may be diiectcd to then piactical ap- 
plication ^ 

A telescope, as befoic stated, is a combination of lenses 
connected by a tube oi tubes 

The tube or tubes in which the lenses aic set is called, 
technically, the Body of the tclcscojic The end of the tube 
to which the object-glass is fixed, is the object-end, and its 

opposite the eye-end The imgs in which the lenses aic 
lastcned aic tcinicd cells 

That in which the object-glass is fixed is the object-ceU 
Ihe eye-glass, oi glasses, togcthci with the tube containing 
them, form the eife-piece ° 

The object and eye-ends of many of the caily telescopes 
some of which weie of gicat length, had no connecting tube 
whatcvci The object-glass was placed upon a pole, and the 
eyc-picce held in the hand, oi fixed upon a icst or stand, at 
a distance fiom the object-glass equal to its focal length 
which in one made by Huygens for the Royal Society was 
123 feet 


Fig 13 leprcsents an instiument of this kind, which was 
tcimed the Aeiial Telescope 

In oidei to direct such a telescope to a stai oi planet, the 
observei, in a daik night, had first to find the object-glass 
which he did by the aid of a lantern He next changed his 
own position till the object-glass intercepted the view of the 
object to be obscived Then this object-glass, being fitted 
with a ball and socket motion, was by means of a stung oi 
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wiie, c\tcn(liiig to the obbcivei^s hand, tinned about till it 
appealed hllcd with a diffused light — an appeal ance which 
indicated that the axis of the lens passed thiough the object 
and the eye of the obscivei Now, without loss of time, the 
eye-piccc had to be diiccted towaids the object-glass, and, if 
all weic dcxtciously managed, the obseivci would be giatified 
with a passing view of the object, only a momenta! y one, 
howevei, unless, by gicat and admiiablc tact, the object-glass 
and eyc-piece were moved simultaneously, so as to keep the 


Fig 13 



object within the field of view It will be obvious that such 
a telescope must have been so difficult to manage, that, to 
one accustomed to the convenient auangements of modem 
mstiuraents, it is mcompiehensiblc how any use whatevei 
could have been made of it 

The body, in telescopes of the huger class, is usu<illv of 
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OIK' tube, 01 if of two, they aie fiimly united by a stiong 
hi lew- joint In those of a sraallei elass, it is formed of 
scwial lubes sliding within each othci, foi the sake of poita- 

ibty. llu' bittci foiiuis applicable only to pocket telescopes 
iii'Ctl (cucstiial pu, poses, m which small deviations fiom 
s laighliu'ss will not sensibly impaii the peifomancc of the 
msliuiiient, but such a const! action is wholly inapplicable 
lo niou' poweiful telescopes, foi which the tubes cannot be 
loo iigid fleviue deianging the concentiic positions of the 
iiicnuUd l(‘uscs, <ind tlieiclbic iii]uiing the cflcct 

iiiigSj 01 Uojis^ <iie placed within the body of a 
1 ( k'seojK' They seivc the two-fold puipose of sticngthening 
lli( lube, and of cutting off all cvtianeous light, which, if 
.ulimltcd, would diffuse a foggy oi nebulous appeal once ovei 
tb(' whole held of view, and mteifcie gieatly with distinct- 
iKss 'fhesi' stops have holes of such diamcteis, and aie 
<11 ranged at such distances, that the light is limited to the 
(OIK ol iiiys eouvcigcd by the object-glass Caic, howevei, 
must be taki n, that the eflcctive apcituic of the object-glass 
IS not lessened by them, oi the advantages of the laigei 
uistiiiiiient will be lost This may be piovcd by looking 
un<)\ip;li from the cyc-end of the telescope without an eye- 
piece, the eye being ni or near the focus of the object-glass, 
uiidei wlueh cucumstanccs the whole of the object-glass 
should be seen, hut all paits of the inteivcmng tube should 
be cojiccalcd 

The stops, and also the inside of the tube, as fai as piacti- 
<‘.ihh, .It all events near the objcct-cnd, should be coveied 
with a (lull black pigment, in ordci that no hght may be 
n (leetc'cl in any ducction within the tube The paint may 
be.i eompoutul eithci of an alcohohe vamish and lamp-black, 

(II o( gold MKC, spiiit of tuipcntine, and lamp-black In the 
formei c .ise .i sufficient dcgicc of heat must be apphed to 
drive olF the .ilcohol by lapid cvapoiation . and in the lattei 
tin* paint must be l<iid on cold, and icniain a few days bcfoie 
the woik will he diy enough to handle The effect is the 
same whichever of these methods be adopted. 
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The peifoimance of a telescope depends^ m no small dc- 
giee/on the accuiacy of eveiy pait of the woik^ the tubes 
should be straight^ and the joints and cells veiy caiefully 
tuincd and fitted, foi, if these piecautions be not used, the 
lenses will not have a common axis , a condition indispen- 
sable to anything like a satisfactoiy effect 

The fitting and fixing of an objcct-glaos within its cell is 
an opciation which icquucs a gicat deal of expciience The 
lenses must not be so loosely held as to be at libeity to 
change then positions, ncithei must they be so tightly fixed 
as to inciu the smallest iisk of being bent oi pinched, eithci 
by the scicwing of the objcct-ccll into the object-end of the 
tube, by coiiti action of the cell m cold wcathci, oi by any oihci 
cause 

Oidinaiily, the object-glass is fixed in the cell by turning 
ovei the edge (i (fig with a tool of 
haid pohshed steel, and this plan answeis 
very well foi pocket-tclescopcs, which aic 
used loi teiicstiial pui poses only, and, 
foi the most p.ut, in clcai and diy weathci 
But, loi an instiuiuenl that is likely to be exposed to a humid 
atmosplicie, oi to the copious dews of some of the finest 
nights foi astiononncal obseivatioiis, this plan of fixing is 
ob)cctioiuiblc, as it eflcctiially pi(‘cludcs the possibility of 
wiping the iiiteiioi siiifaces of the lenses, howevei gicatly 
they may lequne it. 

A second method is to have a iing sciewcd into the back 
of the cell {a, fig M*), and piessmg veiy gently against the 
glass 111 this case, a pm is soldcicd within the cell in the 
diiectiou of its depth, and a notch being cut m the edge of 
each lens, it slides upon the pm, and is thcieby guided and 

ictanicd ni its pioper position 

The effect oi' c out uw lion of the cell, m cold wcathci foi 
example, is <i cncuuistance which lecpuies a special piovision 
lu telescopes of huge apeituic, foi d the cell were made so 
laigc, that it could not pinch the glass m extreme cold, it 
would be impiopeily loose at th(‘ tcmpciatuie of our waimcst 


Fig 11 
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seasons The plan usually adopted is to 
have three points of beanng within the cell 
a, h, c (fig 15), a and b being piojecting 
paits of the cell itself, and c a moveable 
piece, piessed mto contact by the spimgs 
d, d, of which the stiength is legulated so 
that then united action will support the 
weight of the object-glass, 
ucce&aary to warn the inexperienced observer, who 
' Liin^elf undei the necessity of lemovmg his object- 

L 2 <‘111 the cell foi the puipose of cleaning, that care 
' .-t hi taken to replace the lenses m all lespects as they 
wtu h It by the optician The same sides of the lenses must 
hi iU contact mth each othei^ and the same face turned to- 
il d' thi object — an eiioi in eithei of these lespects will 

• \ '1 'j/uil the peifoimance of the object-glass Many mis- 

• - (*i this> kind ha\e occuiied m the comse of the author^s 
‘ ( 1 t^cc, jnd ha\e pioved vexatious and expensive to those 
^ IK .I’l thti haie been committed One of the most le- 

' a* ^ oit was the leturmng of a large and powerful telescope 
t\r j a distant pait of the woild, with an elaboiate papei on 
aJects of its peifoimance, which were all lemoved by 
ic-^uULg the lenses to then pioper positions within the 

ttil 

an object-glass is set in a cell fiom which it can be 
r jT IG lemoved, it is customaiy to put maiks upon 
^ the edges of the lenses, as shown by fig 16, 

hy which, whethei the object-glass consist 

^ thiee lenses, the faces which must 

-"T — be m contact aie cleaily pointed out Fui- 
thennoie, it may be noted that m a double 

• •Iijtct-da-s, e one consisting of two lenses, the convex 
imist be the anteiioi, oi that which is turned towards the 
“ JH'ct, and, in an object-glass consisting of three lenses, the 

“irucewhich IS ground to the shoitei ladius is geneially the 
li’itonoi face ^ 

h\cti>t m cases of necessity howci ei, an object-glass should 
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nevci be lemoved fiom its cell. The only reasonable excuse 
foi doing so, IS, as befoie intimated, the removal of moistme 
which may have accidentally penetiated between the glasses , 
and when this has ically occuiicd, inasmuch as its effect will 
be to pioducc a peimanent stain, and in some degiee to im- 
paii the biilliancy of the instrument, the sooner it is wiped 
off the better 

The heavy flint-glass, which has a laige quantity of lead 
m its composition, is pcculiaily susceptible in this icspcct, so 
much so m some specimens, that exposuic for a short time 
to a moist atmosphcic, moic especially if it be chaigcd with 
any appicciablc quantity ol sulphuicttcd hydiogen, pioduccs 
lapid decomposition of the polished suifacc. 

A soft silk handkci chief, oi a caicfully chosen piece of 
chamois Icathci, may, peihaps, be most safely used foi wiping 
the siu faces of an object-glass, and the application of a few 
diops of alcohol will assist m removing any impuiitics that 
adlicic to the sui faces of the lenses When nothing but 
loose paiticlcs of dust icquiie to be icmoved, a soft earners 
hail blush is by fai the best instrument foi the puipose. 
Ncccssaiy, howcvci, as an obscivci may find it, m the event 
of an accident, to meddle with his object-glass, it is much 
bettci, if possible, to avoid the occasion altogethci, and to 
this end the utmost caic should be taken to keep it out of 
the icach of dust oi moistuie 

A telescope used at night m the open an should be fui- 
nishcd with a dew-cap, which is a cylinder of metal, bLiek 
with 111 , blight without, and made to fit upon the objcct- 
end ol the telescope — its length vaiying fioiii 8 to 18 inches, 
accoiding to the apeitiiie of the glass This, undci ordinaiy 
ciicumstaiiccs, will piovc a sufhcicnt defence 

In damp wc<ithei it is advisable to icmove the objeet-glass 
lioin the mstiumeut, even if it be undei covci ol an obseiva- 
toiy This lecommendaiiou, as will be obvious, applies only 
to the ohjcct-glass(‘s of ccpialoiially mounted tel(‘HCopc‘s, and 
not to those of meiidian mstmments , foi m the lattci (Mse 
the lemoval of an object-glass would distuih the adjustments. 



14 


<*^nd involve the astronomer m a good deal of tiouble and 
annoyance, wheieas^ m the foimei, the icmoval and le- 
placing of the ohjcct-glass can mtioduce no cuoi of the 
smallest consequence. When an object-glass is out of use^ 
it may be safely kept m a closely fitting metal case 

As befoie mentioned^ the heavy flint-glass, ol which many 
<if the finest telescopes aie made, is the most liable to con- 
tact stains, and to such a degree m some instances, that the 
id most caie and vigilance are necessary in oidei to pi event it 
3^1 Paiaday has suggested the mi\mg of lithaigc with the 
bltick pigment with which the interior of a telescope-tube is 
usually coveicd, the effect of which would be to piotcct the 
lliut-glass against the attacks of sulphuiettcd hydrogen, the 
gieat enemy in an atmospheie like that of London 

llius much concerning the pieservation of an object-glass 
A (ew hints will now be given as a guide to the testing of its 
quality, and correcting its adjustment when needful. 

riie considciations especially to be attended to, aic, the 
puuty of the matciial, and the collection of the two kinds of 
alienation — the sphciical and the chromatic It will, of 
com sc, be obvious, that, m addition to these matteis, good 
woi Ivuianship in the formation of the curves, and judicious 
mounting and adjustment within the cell, aie conditions in- 
duspeusable to fine peifoimance, foi, even with good mate- 
luils, and due attention to thcoiy, it is impossible to jiioduce 
a good object-glass without a competent dcgiec of piactical 
skill in woikmg and mounting the lenses of which it is com- 
posed 

Some judgement as to the puiity of the glass may be 
formed in the following mannei — 

Diiect the telescope to the mounts limb, or to the planet 
Jupitei [In the absence of these objects, a watch-dial fixed 
uj) a< <» (hstance of foity oi fifty yaids will, to a ccit.im ex- 
tent, answci the puiposc ] Take out the cye-piccc, and place 
the eye in oi neai the focus of the object-glass Then, if 
the eye be moved about so that the patch of light, with which 
the object-glass appeals paitly filled, be made to pass and 
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icpass blowly across its suifacc, any inegulai icfi actions, 
and especially the picsencc of veins, will he immediately 
deteeted 

With legaid to the spheiical and chiomatie aheiiations, 
the evtent to which the fiist has been eliminated will be 
shown by the pcimanencc of the focus, whctbci the image be 
foimed by the centic oi by the cucumfeicncc of the object 
glass, and the last, by the absence of the moie biilliant co- 
loiiis of the spectium , foi, as bcfoie stated, a pcifcct leumon 
of all the colouis is m general unattainable 

For the adjustment of an object-glass, an artificial star, 
foimed by the sun’s image reflected fiom a polished hemi- 
sphere of dailc-colouicd glass, oi the ball of a broken ther- 
mometer tube, placed at any convenient distance, say fioin 
thirty to sixty yards, is an excellent object, so likewise is a 
small circulai white disc upon a black ground The image 
should appear sharp and well-defined, and if; on being put a 
little out of focus, the enlarged disc docs not expand equally all 
lound, but presents an elongated figure 
in one diicction, such as fig 17, the dc- 
feet IS gcnci ally atti ibutablc to the mount- 
mg — ^not to the glass — and arises from 
the object-end being tilted upon the tube 
This defect may be collected m the fol- 
lowing manner 

Itclcasc the screws by which the objoct-end is fastened to 
the tube, and with a small wooden mallet give it a few gentle 
blows, eithci inwards towards the eyc-piccc, on that side 
where the elongation appeals, oi outwards on the opposite 
side [This direction supposes an inveiting eye-jnccc to have 
been made use of] In this way the position of the object- 
end may be icctifaed , and the operation must be repeated till 
th(“ enlarged disc opens concentrically, oi till the curves (fig 17) 
become iings of light, and aic equally distiibuted around the 
ccntial nucleus When this has been effected, the scicws 
may be again tightened 

The tightening of the screws should be done' gradually. 
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passing lound the objcct-cnd tluce or fom times, and not 
diiving home one sciew while the otheis remain loose If 
this caution he not attended to, the position of the object-end 
may be again dcianged, and the opciation icquire to be le- 
peated 

The judicious leader, keeping in view the above explana- 
tions, will haidly findhimscK at a loss to detcimine, and col- 
lect any oidinaiy defect oi dciangcmcnt to which a good 
object-glass is subject 

The pcifoimance of a tch'seope depends inoie u])on the 
cyc-piecc than is oiduiaiily imagined A bad eye-piece will 
undo the woik of a good object-glass, and, consequently, loo 
much caic cannot be used in making the selection 

The loss of light by icflcxion and absoiptiou in an eye- 
piece consisting of two oi nioic lenses, has induced some ob- 
sciveis to give the piefeicnce to a single hms, eitlui convex 
01 concave — and, if such alens be m.ide achiomiitic, one vciy 
seiious objection to its use is to a gieat exti'ut lemoveil 
Thcic will icinain, howcvei, the inconvcmcnce of having so 
small a field of view, that the woikmg of a teles<‘Oj)e with 
such an eye-glass, especially if it have any high digi(‘e of 
magnifying powci, must he tiouhlcsomc andembaiiassiiig in 
the extreme 

Foul 01 five lenses, vaiyiiig in focal length fioin about one- 
tenth of an inch to <in uieh, aie sometimes mounted in a le- 
volving disc, foi use as eye-glass(‘s This aiiangeiuent is con- 
venient in so fai as it (‘iiables an ohscivei to change the mag- 
nifyiiig powci, without tlie tumble and loss of time attending 
the unscicwmg and sci owing of eye-jneces, but glasses so 
mounted aic much less likely to have then axes coincidtMii 
with the axis of tin* object-glass than those mounted, each one 
111 an accuiatcly tuiiicd c(*ll The piactuc theiefoie is not 
lecoiumendcd 

The cyc-piec(‘ most in use, and altogethei the best adaph‘d 
foi astionomical [uii poses, is the Iluygenian oi eje- 

])iece. It IS ic|)ies( iited in section by fig 18 , a being the 
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field-gUsfc, and b the eye-glass They aie generally of the 
j)l<uio-convc\ foiin^ the convex suifaces being turned towaids 


Fig 18 



the oh]cct-gbbs. The latio of the focal length of the lenses 
IS usually as 3 to 1 — 1 lepicsentmg the eye-glass, but this 
admits of some vaiiation It is, howcvci, indispensable to 
aohioinalisin that the distance between the lenses be equal to 
half the sum of then focal lengths 

The stop c, c, by which the field of view is limited, is fixed 
m the locus of the eye-glass i, and the eye-hole d is of such 
inagintude, and at such a distance fiom the eye-glass, that 
llic emeigent pencils may just find a passage thiough it 
This hole scivos as a guide to the eye, both as legaids its 
place ill the avis of the telescope and distance fiom the eye- 
glass The passage of lays pioccedmg fiom an achiomatic 
object-glass is shown m tlic figuie, wheie it will be seen, that, 
a ft Cl 1 of 1 action by the field-glass, they come to a focus at c, at 
which place an image of the object is foimed The lays again 
open, and by passing thiough the eye-glass b aie conveiged 
towaids the point whcie they entei the eye, and foim an 
linage u])on the letina, which is seen mveited 

The rule foi finding the focal length of a lens eqmvaleut 
to an cye-picce of this desciiption is this Divide twice the 
piodiict of the focal lengths of the lenses which compose it 
by then sum , thus, if the focal lengths of the field- and eye- 
glass be 3 and 1, that of the equivalent lens is equal to 

3x3x l_T , 

“ 4 — 

It IS usual to fit upon each cye-piece a daik glass cap 

t; 
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These caps form a senes of shades^ and apply^ as occasion 
may reqtnie^ to the eye-pieccs indiscriminately 

The positive or Kamsden^s eye piece (fig 19)^ has its focus 
beyond the field-glass at and is therefoie adapted foi use 



with micrometcis and othei mstiumcnts which have fixed 
wucs or spidei^s threads m the focus of the object-glass^ a 
case to which the negative eye-piece, in consequence of its 
having the focus between the glasses, is not suited The 
lenses aie plano-convex, the convex sides being turned to- 
waids each othei , the focal lengths of the lenses aie equal 
to one anothei , and the field-glass should be so fai within 
the focus of the eye-glass, that pai tides of dust upon the 
foimci cannot be seen when looking through the latter 
The lens equivalent to an eye-piece of this desciiption, is 
found by dividing the product of the focal lengths of the 
lenses composing it, by then sum less the distance be- 
tween the lenses hence, if the focal length of each lens be 
1 5 inch, and the distance between them 1 inch, it will be 


1 5x15 2 25 
3-1 “ 2 


125 = 1^ nearly 


The dnection given to the rays in their passage through 
this eye-piece is shown by the figure , by which it will be seen 
that m this case, as in the previous one, the image is seen 
inverted 

The election of the image, however, is effected by the eye- 
piece next described, and which, on account of this piopcity, 
IS called the terrestrial eye-piece. 

Tig 20 represents m section this eye-piece as it is now 
constructed 

It contains foui lenses, a, b, c, and d j c and d form a ne- 
gative eye-piecc, which can be unscrewed from the terrestrial 
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tube and employed separately for astionomical purposes 
mdeedits power as an cye-piecc is usually so aiianged tliat 

Fig 20 



foims the lowest of the senes fitted to a telescope^ and is we^ 
adapted foi the obseivation of comets and nebulae^ oi for th 
cxplonng of the heavens, a seivice to which the higher power 
aic unsuitable 

The corn sc of the i ay /, g, ti aced through the sever al lense' 
will show the process by which the inverted image forme 
at /, by the object-glass, becomes erect at A m the focus c 
the eye-glass, where a stop is placed to define the field c 
view Thcic IS also a stop at t wheie the rays cross, the sma] 
hole in winch lequiics a caicful adjustment, foi if this b 
not attended to, cithci the effective apertuie of the object 
glass may be diminished, or extraneous light will be suffered 
to pass thiough, and intcifere with the distmctness of thi 
image 

The magnifying powci of this combination of lenses cai 
be incK'ased by inci casing the inteival between h and c, an< 
this IS eflcci(‘d m the following manner A tube of suitabl 
l(‘iigth and duimctci has an mtcrioi tube of nearly equa 
length sliding fiecly within it The lenses a and b aie fixei 
at one end of the cxtciioi tube, and c and d at the opposit 
end ol the inteiioi one , and by this means the distance b 
can be inci eased or dimimshed at pleasure, and the magni 
fying powci vaiicd accordingly 

The reason of the increase of power by the mcrease of thi 
distance b c, is simply this —Any ray in its passage ftom j 
falling upon the margin of the field-glass c, will be mon 
neaily parallel to the axis as the distance J c is inci eased 
whilst the diiection of the ray m passmg from c towards i 

c2 
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will remain constant, or veiy neaily so Now the magnify- 
ing powei depending paitly upon the relative diiection of 
these two paits of the ray, any altciation in that of one of 
them, that of the othei not being alteicd propoitionately, will 
pioduce the effect mentioned 

The external appeal ance of this eye-picce is seen at hg 21 , 


Fig 21 



the graduated scale upon the mterioi tube shows the vai ra- 
tion of powei due to any amount of separation of the lenses 
in the figuie the power indicated is 63 

The diagonal Adapter (fig 22) is a 
contrivance foi facilitating obseiva- 
tion near the zenith 

It consists of two tubes, b and d, 
soldered togethei with a rectangular 
elbow A plane reflectoi is so placed 
at c, where the axes of the tubes meet, that a lay enteimgby 
the axis of one tube is leflected centially thiough the othei , 
consequently an object m the zenith wiU be seen by an ob- 
seivei looting horizontally thiough the cye-picce. The 
sciew on the outside at b fits into that of the focus tube, and 
that in the mside at d receives the eye-pieces The diagonal 
eye-piece differs from the adapter only in having a field-glass 
at b and an eye-glass at rf, it is a positive eyc-piece, and is 
used for micrometeis and other instruments of that class 
For an ordinary telescope, however, the adapter is better than 
the eye-piece, inasmuch as it admits of all the powers being 
used wnth it 

Fig. 23 lepiesents a form of diagonal pi ism especially 
adapted for miciometeis. Its pimcipal advantage is that it 
may be used with all the positive eye-pieces of the instru- 
ment, but it IS objectionable on one account, namely, that it 


Fig 22 
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icmoves the eye to too great a distance fiom JFig 23 
the eye-gkbSj and consequently, with high 
powcis, veiy much diminishes the field of 
view Upon the whole, howevei, this is 
found to be the most convenient foim of 
diagonal foi its puipose, and is theiefore in 
most gcneial use 

For some instruments, which, fiom peculiarity of coii- 
stiuction, do not admit of the eye being placed near enough 
to use eithci the diiect, oi the shoit diagonal eye-picce, it is 
necessaiy to aiiangc the tcricstiial eye-piece foi diagonal ob- 
seivations Fig 21 shows the method adopted in such cases, 


Fig 24 



in which the glass pi ism at a sciwes the double pm pose ot 
icfl(‘ctoi and lens 

The magnifying powei of a telescope is found by dividing 
the focal length ot‘ the object-glass by that of the eye-glass , Telescopes 
and, should the leadei wish to obtain it m any paiticulai 
case, he will now oxpciicnce no difdculty, the lulcs foi find- 
ing an equivalent lens, both for the Iluygcnian and Ranis- 
den^s eyc-picce, having aiicady been given hut m cases in 
which gloat accuiacy is loquncd, the following moic simple 
and jnactical method is now univci sally adopted 

Let the telescope* be dnected to any distant object by day- 
light, and accuiately adjusted to locus If the obscivci then 
withdiaw Ins (‘ye to about the distance at winch he sees ob- 
jects distinctly, lu* will perceive a speck of light in the vciy 
centre of the eye-pieec This spt*clv of light is an image ol 
llic object-glass, and the latio of the diameter of the object- 
glass to that ol its image lepicsents the magnifying powei 
11, thercfoic, the Ibinici be divided by the latter, the quotient 




22 


Dyna- 

meter 


Will be the quantity sought Thus, let the object-glass have 
a clear apeiture of 4 inches, and the image above desciibed 
measure 2 ^ divisions upon a scale of hundredths of inches, 

4 4000 

2 . e 025 of an inch Then - 7 ^= - og -=160 is the powei 

025 25 ^ 

sought 

I may again remart that each eye piece must be adjusted 
to focus before the measme is taken, otheiwise the conclusion 
will be eiioneous, and this adjustment for a telescope used 
astionomically, should be to the pimcipal focus of the object- 
glass, and ought, theiefoie, to be pei formed by means of a 
star 01 planet If this be done at night, and maiks made 
upon the tube mdicating the place of focus for each eye-piece 
lespectively, the tube can afterwards be reset by these maiks, 
and the images measuied by daylight 
The Dynameter, of which two kinds will be briefly de- 
scribed, is the instrument employed in measuimg the image 
of the object-glass upon the eye-glass 

Fig 25 leprescnts m section the more simple mstiument 


Fig 25 



of the two It consists of a compound micioscopc, the body 
of which slides within an external tube a At 6 a disc of 
paiaUel glass, or a shp of mothei-of-peail is flied, upon which 
IS a scale of equal paits, gencially of 200 divisions to the 
inch, each fifth and tenth division being longer than the 
mtei mediate ones to make the counting moie easy Now, 
by means of the object-glass c, a tenth of an mch, when m 
focus of the microscope, is made to measme 50 divisions upon 
the scale i ^ and, consequently, each division lepicsents 
or decimaliy 002 of an inch The image and the scale aic 
both equally magnified by the eye-piecc d 
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To make use of the Dynameter proceed as follows — 

1 Hold up the mstiument to the light and adjust the eye- 
piece so that the scale b may be distinctly seen 

2 Take the external tube a between the thumb and 
foie finger of the left hand and place it against the eye-end of 
the telescope then, with the light hand, move the body of 
the micioseope within the external tube till the image upon the 
cye-piece of the telescope is seen, m the field of the micio- 
scope, deal and well-defined Finally, observe how many divi- 
sions upon the scale 6 aie equal to the diameter of this image, 
fidctional parts of a division being estimated by the eye. 

Fig 26 lepiesents the double image Dynametei This m- 
stiumcnt consists of a box,^z, 
containing two senu-lenses, 
one of which is fixed and 
the othei moveable by means 
of a fine miciometei-seiew 
Whole revolutions of the 
sciew aic maiked upon the 
side of the box, and paits of 
a 1 evolution upon the mi- 
ciometei head b c and d 
aie sliding tubes foi adjustment to focus The tube c con- 
tains two lenses, a convex and a concave, by which, m con- 
nexion with the semi-lenses bcfoie mentioned, a definite 
value in parts of an inch is given to the micromctci scale It 
IS usual so to ai range the optical part of this insti ument that 
five levolutions of the miciomctci-scicw measure 01 of an 
inch , and, as the miciometci head is divided into one hun- 
dicd paits, each division upon its scale measuics ^^7*- or 

The phenomena obscivcd with the double 
image Dynameter are the contacts, on opposite 
sides, of two circular discs as icpicscntcd m the 
accompanying figure 

Half the sum of the two leadings which cor- 
icspond to these phenomena will give the true 


Fig 27 



Fig 26 
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diametei If^ when the images aie in exact coincidence, the 
two scales, namely, that upon the box for whole i evolutions, 
and that upon the miciometei head foi fractional paits, aie 
both at zero, a measure on one side only will suffice , but, as 
it IS baldly possible foi an instrument to be so nicely ad- 
justed as to be absolutely fiee fiom zndea: error ^ it is bettci in 
general to depend upon half the sum of the two leadings 

A good idea of the magnifying powci of a telescope may 
be foimed in the following manner. Let it be pointed to an 
object, the moon for example Then, if the observci can heep 
both his eyes open (this, if he find difficult at fiist, will, 
affcei a few tiials, become sufficiently easy), he may with one 
of them look through the telescope at the magnified image, 
and, with the othei, diicctly at the object in the heavens 
By a little motion of the telescope the object and image may 
be bi ought togethei, and a toleiably collect estimate made of 
the magnifying powei if it do not exceed twenty oi thnty 
times It must be obscived, howcvci, that this diiection is 
given lathei as a pleasing way of making magnifying power 
appaient, than as a means of mcasuiing the amount of it, foi 
this can only be done coiicctly by one of the two methods 
above desciibed 

The degree in which magnifying powci can be made use 
of to advantage will in many cases depend on cnciimstanccs 
iiiespcctive of the goodness of the object-glass, such, foi 
example, as the state of the atmospheie, and the quality of 
the object under obseivation Indeed, m a gencial way, low 
and medium powcis aie fai moie useful than high ones * 

It leraains foi me only to icmaik, and the incxpeiicuccd 
will do well to keep it in mind, that the finest telescoiics aic 
frequently supposed to fail simply fiom the cncuinstancc that 
the obseivei is unacquainted with the phenomenon loi which 
he IS looking 



25 


OF STANDS FOR TELESCOPES 

The way m which a telescope is mounted is by no means a 
matter of indiflfeicncc Many hrst-iate telescopes aic little 
used, 01 used to no good puipose, foi want of being jfiimly 
suppoited, and htted with such mechanical means as would 
enable the obseivei to find an object and examine it at his 
Icisuie, ficc fiom the vexations and annoyances that lesult 
horn fiuitlcss attempts at managing a bad mstiumcnt It 
will be fai wisci, and pioductive of moic satisfaction ulti- 
mately, to have a telescope and stand duly piopoitioncd to 
each othci, but of model ate dimensions, and, wheie piacti- 
cablc, placed undei covoi of an obseivatoiy, than to expend 
all onc^s means in the attainment of gicat optical powei, 
tiusting to lopcs and spais foi a momcntaiy glimpse of some 
iiitcicstmg object a lew times in the com sc of a long summei 
The oppoitunitics wasted m this manner, would, with a well- 
appointed mstiumcnt, yield a plentiful haivcst of useful and 
giatifymg obseivations 

I now piocced to the dcsciiption of several foiins oi Stand 

The Pillai and Claw Stand, as it is called, is that most Piiui and 
(ommonly used with telescopes of fiom 30 to 45 inches local 
length This stand is shown at fig 28, whcic it appeals m 
its simplest ioini Its object is to enable the obseivei to give 
to the telescope two distinct motions, in planes at light angles 
to each othci , and these planes aic, m the position m which 
the instrument usually stands, and that m which it is repre- 
sented in the figiue, the vcitical and hoiizontal Tins object 
IS accomplished, with respect to the veitical motion, by means 
of the joint at a, and the hoiizontal motion by a comcal axis 
oaiefully fitted into the capital ol the pillai and Hcciucd theie 
by a nut and scicw whicli aic not seen m the figuic Jf a 
small sciew be taken out fjom ncai the top of the pillai, tlu 
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capital can be removed by unscrewing, and the acting paits 
cleaned and lubricated when it is necessary to do so 


Fig 28 



The legs are made to fold by means of jomts, and, the 
pillar being turned down paiallcl to the telescope tube, the 
whole IS placed within a box of such size as to be conveniently 
poi table 

The head of the lack and pinion motion for adjustment to 
focus IS repiesented at b In telescopes, howcvci, which aie 
furnished with a long lange of powers, or in which a micio- 
incter sometimes takes the place of the oi dinar y eye-piece, 
the focus adjustment does not depend on the rack and pinion 
motion alone, but is effected appioximately by a second tube, 
which shdes fieely withm that to which the rack is attached 
This sliding tube is called the tail-piece 

The bodies of telescopes of this class have sometimes a 
conical shape given to them, being much smallei at the eye 
than at the object-end This i& injudicious, for the only 
way by which such a telescope can be pointed to an object is 
by looking along the top and one side of the tube, and in 
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doing this the cylindrical form will be found by far the most 
convenient 

If two eye-picces be supplied with such a telescope, the 
one of lowei powei should be used foi finding the object, 
and a little piactice will enable an observci to leave it, when 
found, m such a pait of the field of view, that, by the time 
he has changed the eye-piece, it will appeal not fai fiom the 
centic of the field with the higher power 

The fiist addition usually made to such an instiument as TheFmder 
that just dcsciibed is a Findei (at, fig 29) This consists of 


Fig 29 



a small achiomatic telescope which is attached to the body of 
the largoi one, and owes its name to the jmipose it is in- 
tended to SCI VC. Tlic cyc-picce being of very low j)ower, the 
field of view IS, consequently, extensive, and it wiU thcrofoic 
be extiemcly easy so to diiect the mstiument as to rcndci a 
given object visible within it, and to bung this object to the 
inteiscction of the two strong wiies which aic placed acioss it 
at light angles to each othci. The tixis of the findci, which 
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passes through tlie point of intei section of these cioss wiics, 
iSj by adjustment^ made parallel to the optical axis of the 
largei telescope, and this adjustment being pcifect, a distant 
object which is seen in the intei section will also be seen in 
the field of view of the principal telescope The adjustment 
of the finder is geneially effected by thiee small screws neai 
to its eye-piece, which piess against the edge of the diaphragm, 
to the face of which the cross wiies aic fixed It may be 
mentioned that for this adjustment it is not necessary to di- 
rect a telescope to the heavens, as a distant teiiestiial object 
may be made use of successfully 

The veitical rack motion shown at h is anothci and useful 
addition to this kind of stand It consists eithei of two oi of 
three tubes which shde within each othei, the largest being 
attached by a jomt to the base of the pillai and the smallest 
similarly secured to the eye-end of the telescope The two lai gci 
tubes slide fieely, but can be fixed m any position by an cm- 
biacmg clamp The smallest is moveable by rack and pinion 

To the veitical lack motion may be added with advantage 
means foi enabling the obseiver to communicate a slow lioii- 
zontal motion When this is done, and indeed geneially when 
even no more than a vertical rack motion is added, the con- 
sti notion of the veitical axis of the stand diffeis from that 
pieviously described 

The pillai in this, as in the other case, consists of an outride 
and inside cone , but wheieas in the foimei the telescope was 
attached to an inside cone dioppmg into the outside one at a 
(fig 28 ) , in the lattci the telescope is attached to the outsid(‘ 
cone which drops upon the inside one, this being fumly attached 
to the base of the stand Upon the lower end of this fixed in- 
side cone a ring is made to move stiffly, and in the edge of this 
ring aie cut teeth to which those of an endless screw attached 
to the icvolving outside cone adapt When theiefoic the ob- 
seivcr wishes to give a gieat oi lapid houzontal motion, he 
has only to apply to the telescope foice sufficient to cause th(‘ 
outside cone, togcthci with the ring, to revolve upon the 
inside one , whereas, whilst giving the slow motion by means 
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iti the endless sciew, the img, in consequence of the faction, 
lemains attached to the immoveable inside cone 

To the endless sciew applies a handle and universal joint Hook's 
(fig 30), commonly Fig 30 Joint 

called the Hookas 
Joint fioiii the name 
of its inventor, a 
coiitiivauce so well 

known as to icndei a detailed description unneccssaiy 


Fig 31 



By means of the two slow motions the ohscivcr may 
follow a stai much moie peiicctly and with gieatei facility 
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of three or more tubes slidmg one within another^ and termi- 
nating at its ends in uniyeisal joints One of these joints is 
attached to the object-end of the telescope and the other to 
the foot of the stands as shown by fig 31 If the length of 
a telescope exceed four feet such rods are almost mdis- 
pensable 

Of the instiument lepiesented in fig 32, it may suffice to 
state that it is especially adapted to the pui poses of the tra- 
vcllci by whom consideiable optical power with portability 
may be icqmied 

The focal length of the object-glass is about thiity, with a 
clear apeituie of 2J inches The legs are formed of tubes 
slipping within each other When diawn out they aie fixed 
at thou gicatei length by turning the intenoi tube from 
light to left, untd it abuts against a shoulder within the 
cvteiioi one 

Vailc/s Stand, shown at fig 33, is well adapted to the 
jnii poses both of the optician and the amatem It is inex- 
pensive, film, convenient in use, and can be so ananged, that 
two tell scopes, between which a direct comparison is to be 
made, can be placed upon it side by side 

The flames a and 5 aie connected by a pair of strong hmges, 
and, when open, aie biaccd by the bais c, c, which aie 
fastened to b by fingci -screws The same sciews, when the 

flames arc folded together, seivc to hold the biacmg bais e, c 
against the sides of the frame a The elevating stage /, 
moves upon hingc-jomts, and is supported at any altitude by 
the piop d 0 This pi op is adjustible, oi can be altered in 
length, fiist, by sliding an exteiioi tube d upon a cyhnder 
witluii it, and fixing it at the rcquiicd place by the embracmg 
chmi]) g , and, secondly, by turning the screw c, which is a 
pi elongation of the mteiior cylinder, within the socket through 
which it passes. 

A cradle h h upon an axis i turns in a plane parallel to /, /, 
and m this cradle the telescope is laid and seemed by leathern 
straps 

At k aic two slow motions, both withm convenient reach 


Varlev’s 

Stand 



of tlic obseivei’s liaud, of which the uppci one lu a lack and 
pmiOQ foi the puipose of giving a latcial motion to the ciadlcj 


Fig 33 



and the lowei one slightly alteis the elevation by varying the 
length of the side J I of the tiiangle//; / These two mo- 
tions give to an obseivei the powei of following a siai in tin 
same niannci as it is done by a eombination ol the veilieal 
and hoiizoiital motions in a pillai and claw stand 
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THE EQUATORIAL 

Having now dcsoiibcd such forms of Stand as aie m com- 
mon use for occasional inspection of celestial objects, and foi 
obscivitions of such phenomena as echpscs of Jupitci’s sa- 
icllites and occultations of stais and planets by the moon, we 
pass on to the Equatoiial 

To a spcctatoi at the caith^s suifacc, the heavens appeal to 
1 evolve on an axis whose inclination to the hoiizon is equal 
to the latitude of the place , a phenomenon pioduced by the 
icvolutioii of the caith itself, and foi a detailed explanation 
of which I may lefci the leader to Woodhousc^ ‘Astronomy,’ 
vol 1 cap 1 

A point in the axis of rotation, infinitely distant horn the 
spectator as aic celestial objects in gcneial, would be sta- 
tionaiy, and otlici points would appear to desciibc circles 
ineieasing in magnitude with an incicasiiig anguki distance 
liom the fiist point (called the pole) up to a distance of 90° 
or a quadiant, after which they would again dimmish towaids 
the ojiposite pole. Now if we could, conveniently, place the 
Pillar and Claw Stand alicady described in a position iii 
which the axis of motion within tlic pillai (the hoiizoiital 
motion 111 the usual position) should coincide with the axis of 
lotalion of the heavens, t e give it an inclination to the 
hoiiiioii equal to the latitude of the place, it is clear that by a 
single motion ol the telescope, viz one of rotation about the 
said axis, the line of sight would bo made to trace upon the 
celestial sphcie eiiclcs conesjioiiding to tliosc iii which the 
heavi'uly bodies apjieai to move, these circles ineieasing as, 
by moving the tclcscojic upon the second axis (that on which 
the vcitical motion is, in tlic usual position of the stand, pci- 
foiiiicd), we iiicicase the angle between the line of sight and 

I) 
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tile fiist axis, just as the ciicles which the heavenly bodies 
themselves appeal to desciiho iiiucasc with inci casing polai 
distance of the objects Fuithciraoie, it will be evident that 
the angle between the line of sight and the hist <i\is must he 

Fig 31 



equal to the angular polai distance of the object obscivcd ; 
and that the angle thiough vihicli the plane containing the 
line of sight and the said axis would revolve in following a 
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fixed stai between one point of time and anothei, must, when 
convcitcd into hours, minutes and seconds, represent the 
sidcieal time elapsed 

By placing the Filial and Claw Stand in the position just 
described, wc should, in fact, conveit it into an Equatoiial 
Stand But, m the Equatoiial Instrument, piopeily so called, 
the axes aie constiucted and supported m such amannci as to 
ensure to the telescope a degiec of steadmess piopoitionatc to 
the delicacy of the obseivations to which it may be applied, 
and they likewise have divided circles attached to them, which 
may be used either to measuic diffeiences of Right Ascen- 
sion and Polar Distance, oi to dncct the telescope upon an 
object whose position is given m the Tables. Wc proceed to 
desenbe the instiument in detail, selecting foi this pm pose 
the foim repiesented m peispcctive by fig 34, and m section 
by fig 35, the same parts bemg indicated by the same 
Ictteis 

a c d repiesent the axes, of which a i, called the Polai 
Axis, IS directed towards the pole of the heavens, and is sup- 
ported in this position by stone piers h and ^, the curved 
poition only, of the latter being generally of cast non 
This axis terminates in cylmdrical pivots, which lest in Ys , 
and one of these Ys, commonly the lower, is provided with 
means of adjustment, in ordei that the diicction of the axis 
may be slightly altered when necessary This contiivaiice 
cannot be shown m the figure, but a similar one, lepicscnted 
in fig 35, will be alluded to piescntly c d icprcsents the 
dechnation axis This passes through the polar axis, and 
rests in collars , and, as the two axes should be at light angles 
to one another, the collar at the end d is adjustiblc by means 
of the screws s s The coUai m which the end c revolves is 
held by pivots, which allow to it freedom of motion thiough 
a small arc, in ordei that the adjustment may be peifoimed 
without pioducmg any strain The telescope, / t, is fixed at 
right angles to the dechnation axis, and firmly biaced m that 
position , its eye-end is piovided with means foi the adjust- 
ment of the line of sight 
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These consist of a Tiansit Eye- 
piece, containing a system of cioss 
wiics shown at fig 86, the line of 
sight passing thiough the inter- 
section of the middle vertical with 
the horizontal wire, and the whole 
system being moveable to the light 
01 left by sciews at a and h 

The angle between the line of 
sight and the polai axis is measured on the circle g, called 
the declination circle This is divided into degiees and fi ac- 
tional paits, and these aie fuithei subdivided to any requiied 
dcgice of minuteness by opposite veimers ^ upon an indcx- 
platc earned lound with the telescope When the line of 
sight IS parallel to the polai axis, oi, in othei woids, is di- 
iccted to the pole, the index division upon each vernici 
should point to zero , and in oider that it may be made to 
do so, means foi adjustment aie gcncially applied to the vei- 


Fig 36 



Let a h (fig 37) be a scale of equal paits, oi an aic of a giaduated 
ciicle, and lot it be required to constiuct a vermer by which the posi- 


Fig 37 
S <> 
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tion of zeio, uiioii c d, a moveable index, bhall be asrci tamable to 
onc-tentli ])ait of a space upon the scale a h Ttikc upon c d a length 
equal to nine paits u])on a /y, and divide it into ten Then, wnce each 
space upon c d\s equal to nnic-tcnths of one upon a b, it follows that 
to cany the zero foiwaul onc-tenth ol a space upon a b, we have mciely 
to make the line next in adNanic of zcio (^oi the hist division upon the 
vernier) coincide with the next loiwaul division iqion the scale a b In 
like manner two-tenthb will he indicated by coincidenee of the beeond 
diviwon upon the vcrmei, and the coiiesponduig ihvision upon the 
scale, and so on to the end 

The same eflect will Ik piodutcd if a space equal to eleven paits 
upon n h be dividoil into ten upon c d Tlic Inst is called a leading md 
the second a foKowintf vcinici 
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niers themselves A clamp and tangent screw neai to Ic give 
the observei the powei of fixing the telescope at any lequiicd 
polai distance^ or of moving it slowly thiough an aic of bma.ll 
extent 

The angle through which the plane containing the line of 
sight and the polar axis i evolves is measured on the cuclt 
called the houi -circle This cncle is divided to show poitions 
of timc^ the spaces upon it being 1440 m numbci^ and each, 
therefore, icpiesentmg a single minute This is earned lound 
with the polar axis'*'. At m, fixed to the piei, aie two 
veinieis, by which a leading may be made to a single second. 
The hours aie maikcd fiom one to twcnty-foui Tlic zcio 
divisions upon the veimeis should point to XII and XXIV 
when the declination axis is hoiizontal, and in oidci that tlicj 
may be made to do so, means foi adjustment aie applied to 
the veinicis themselves 

The edge of the houi-ciielc is racked oi cut into teeth coi- 
lesponding with the thieads of an endless scicw, which foiuis 
part of a clamp at and serves to give a slow motion to the 
instiument Such a motion is communicated by means of a 
lod 0 , tcimmatmg in an univeisal joint, and this maybe 
acted upon cithei by the observer himself, oi, in ease the mo- 
tion IS lequiied to be unifoim (as in following an object foi 

^ In some Eqnatoiials of the highest class the hour-ciicle is not ])ei- 
manently fixed to the polai axis, but turns tieely upoii^the lowei pivot, 
and IS kept in motion by the clock at the latc of one i evolution lu 
twenty-four sideical horns The hoiiis mcieaso m the oulei of light 
ascension, and they aie pointed to by an index lixcd to the pici 

A second index is fixed to the polai axis, and is furnished with a 
clamp, by which it can be firmly attached to anypaitof tbclioiu-cucle, 
and, when so fixed, be earned lound by the cloek-woik The positions 
of the indices aie so arianged that they point to the same duisioii upon 
the lioui-cucle when the telescope is in the meiuhan, and if they then 
imhcatethe sideical time, oi light ascension of the meiidiau, it will be 
evident that the second index will, when the telescope is m «iiu>thci 
]ioaition, indicate the right ascension of that point oi the lica\ous to 
which the Ime of sight is chiccted This impiovement was mtiodiiccd 
by the piescut Astionomci Royal, and fust applied to the Noithumbei- 
land Equatoiial at the Cambudge Ohscivaloiv 
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example)^ by a clock But^ in older that the two actions may 
subsist independently one of the othei, it is usual to attach two 
such lodsj one to each end of the screw, communicating le- 
spectivcly with the obsciver and the clock This aiiange- 
ment IS shown in the figuie. This scicw is so mounted as 
to admit of its thieads being detached fiom the edge of the 
circle, when the telescope is to be moved lapidly thiough a 
laige aic 

Tlic machinery of the clock t ]ust now mentioned as com- 
municating to the instiument an uniform motion equivalent 
to the apparent motion of the heavens, is exticmcly simple 
The moving powci is supplied by a weight descending below 
the flooi of the obscivaioiy, and the action icgulated by a 
centiifugal pendulum resembling in some respects the go- 
vcinoi of a steam-engine The separation of the balls bungs 
a bleak into action, which prevents accelciation by applying 
the needful amount of faction*. A final adjustment to time 
IS made by a miciometei -screw seen at the back of the clock, 
and there aic contiivances as well for stopping the clock in- 
stantaneously as for attaching it to, or detaching it fiom, the 
tangent screw n 

In 01 del that the wiies of the Transit Eyc-Piccc, oi the 
spidci^s threads of the Position Miciomctci, to be desciibcd 
heieaftci, may be seen at night, the field of view icquiics to 
be illuminated This is accomplished by a lantern, /, which 
icmams erect whatcvci be the position of the telescope The 
light passes thiough an apeituie in the tube, and, falling 
upon a rcflcctoi, which is perforated in order that it may not 
obstruct lays in then passage fiom the object-glass, is dif- 
fused over the field of view The apeitmc in the tube 
through which the light passes, can be instantaneously con- 
ti acted 01 altogether closed at the obseivci^s pleasure, and, by 
this means, the amount of illumination may be adapted to 
the bulliancy or faintn(‘ss of the object undci obscivatioii 
It has been noticed tliat some stai>s are best seen thiough a 

* Refer to Monthly Notices of Royal Astiouonncid Society, vol m 
p 40 
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Adjubt- 
mentb 
of the 
Equatorial 


red illumination This^ foi the occasion^ is pioduced by 
placing a disc of luby glass between the lantern and the 
reflectoi. 

A Findci IS an useful addition^ and is generally attached to 
the telescope of an mstiument of this class 

A weight at the end of the declination axis is an equipoise 
to the telescope^ and those paits of the mstiument which aic 
placed with it on the opposite side of the polar axis Uiioii 
this weight aie fixed two suppoits caiiymg cyhndiical pivots, 
with adjustments at light angles to each other, and to these 
pivots IS suspended a spnit-level, v, by means of which the 
declination axis may be set hoiizontal 

The conditions of adjustment in an Equatoiial, iiicspcctivc 
of the position of the polai axis, are as follows — 

1st That the polai and declination axes be at light angles 
to each othci 

2nd That the optical axis of the telescope, oi hne of sight , 
be at light angles to the dechnation axis 

3id Tliat the veinieis of the declination ciiclc icad 0 when 
the line of sight and polai axis aic parallel t 
4th That the veinieis of the hour-ciicle icad 0 when the 
dechnation axis is hoiizontal 

Let. To set the dechnation axis at right angles to the polai 
axis 

Place the spint-lcvcl v upon the cylmdiical pivots on which 
it tmns, and, by moving the houi-ciicle, bring llic an -bubble 
to the middle of the opening m the tube Now, lift it fiom the 
pivots, levcise and leplacc it If the level be in adjustment, 
the ail -bubble will lesiime its foinici position in the middle* 
of the opening If it do not so, then, coircct half the ciioi 
by moving the adjustiblc invcitcd Y at one end of the tube 
m which the spiiit-levcl is fixed, and the remaining half by 
moving the houi-ciicle If the spint-lcvcl have a giaduat('cl 
scale upon it, and the ciror he within the limit of the divi- 
sions, it is easy at once to apply the needful collection, but, 

' Sometimes c dlU <1 the lino of collimation 
1 This supposes the \eiuiu^to show polai distanct 


$ 
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however this may he, the above operation must be repeated 
until the adjustment is accomphshed. Then, the houi -circle 
being clamped, turn the mstiumcnt half lound on the doch- 
nation axis, so that the spirit-levd may be brought into the 
position shown by the dotted hues at w If the bubble he 
not now, as before, in the middle of the opemng, conect half 
the diffciencc by laising oi depressing one of the pivots upon 
which the spiiit-level turns, and half by givmg motion to the 
houi-cnclc Fmally, turn the mstiument on the declination 
axis through an angle of ninety degrees , and should the air- 
bubble have changed its position, it must be made to resume 
it by means of the pan of screws left untouched m the first 
and second adjustments 

When these collections have been perfectly made, an entire 
revolution of the declination axis will cause no distmbance in 
the position of the air-bubble, and it now remains only to 
turn the mstiument half round on the polar axis, and to 
correct half the deviation of the spiiit-levcl by means of the 
screws ss, taking care to release those upon one side before 
those on the opposite side are pressed forward, — a remark 
applicable to all similar adjustments 

2iid To set the Ime of sight at right angles to the declina- 
tion axis *• 

Screw m the Tiansit Eye-Piccc, the wuc-platc, oi dia- 
phragm, of which IS shown at fig 36, and turn it round until 
a st.u runs along the declination wiic as 6 Set the telescope 
a little 111 advance of the star, clamp the houi-ciiclc, read the 
vcinicis, and note, by a sidcical clock, the time at which the 
star passes over the middle vertical (oi meridian) wire Turn 
the mstiument halt round on the polar axis, and direct the 
telescope again a little m advance of the same object. Road 
the vcimcis and observe the time ot passage as before If 
the adjustment be coiicct, the intcival of time between the 
two observations will agree exactly with the difierencc be- 
tween the two readings upon the hom-ciiclc If it be not so, 
coiicft to the extent ol lialf the diffcience by means of the 
piopci scicws which act upon the diaphragm. .11 a very 



distant object be visible from the observatoiy, this may be 
used instead of an observation of a heavenly body 

3id To make the verniers of the declination-circle icad 
zeio when the line of sight and polai axis aie parallel, 

Diiect the decimation wire a h (fig 36) to any object m 
the heavenSj and lead the verniers for polai distance oi 
decimation as the case may be Turn the mstiument half 
lound on the polai axis, le-dnect the telescope, and icad the 
veinieis as before Half the diffcicnce of the leadings will 
bean index eiroi, which, with the piopci sign, may cithci be 
applied as such to the observations, oi collected by moving the 
veiniers upon the index bai If the quantity be so small as 
not to affect theopciationof the mstiument in finding an ob- 
ject, it IS recommended lathei to apply it m the foim of a 
collection than to attempt its icmoval by distuibmg the 
veimeis 

4th To make the veimeis of the houi-ciiclc icad 0 when 
the decimation axis is horizontal 

Having biought the decimation axis to the hoiizontal posi- 
tion as was done m the couise of the fiist ad)ustnicnt, set the 
zeio divisions of the vcmicis to coincidence with the divisions 
maikmg XTI and XXIV houis icspectively 

These sevcial adjustments having been caicfully and satis- 
factoiily gone thiough, the final icctification with inspect to 
the heavens is not a difficult opciation 

It IS piesumcd that m the election of an instrument of ihib 
kind, the picis have been so placed that the polai axis when 
adjusted may be ncaily ccntial wilh respect to the lowei one , 
and likewise that the Ys have been fixed to the pieib m posi- 
tions such that the final adjustments may be within the langc 
of the piopci scicws*. The opeiatoi, having by some pie- 

* A mciidian line sufficiently exact foi the election of tlio ])U*is may 
fie ofitained by the sfiadow of a plumb-line at appan lit noon, oi by 
bisectmg the angle between two shadows obseived at cqiuil lutcivals 
beloie and aftei it This sujiposes the time to be known at least as 
eoiicctly as it is usually given by a good watch, but, in ignoianee ol 
the time, the old expedient of equal altitudes ma> he lesoi Ud to I’his 
consists in placing an wpnght pm in the centic oi seveial eouientiic 
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paiatory tiials assuied liimself upon this pointy may proceed 
in the following mannei 

l&t To give to the polai axis an elevation equal to the 
latitude of the place 

Select fiom the catalogue in the Nautical Almanac any 
standaid stai which may happen to be near the meiidian, and 
set the veinieis of the declmation-cncle to the polai distance 
collected foi icfraction Then, if the star does not lun 
along the declmation-wne, it must be made to do so by ele- 
vating 01 dcpicssmg the lowei end of the polar axis, as the 
case may lequuc 

2nd To set the polai axis m the meridian 
Diiect the telescope upon a known stai about six hours 
fiom the mciidian cast oi west, and lead the veimers of the 
declmation-ciiclc. This leading, coirected for refraction*, 
should be the starts polai distance as given m the Tables 
But, if the btoi be to the east of the meiidian, and its tabular 
polai distance exceed the instiumental leading, the lower 
pivot of the polai axis will be to the west of its tiue place, 
and must be moved accoidingly If the tabulai polai di- 
stance be less than the instiumental reading, the pivot must 
be moved in the opposite direction 

Should the stai obseived be to the west of the meiid,ian, 
the cflects of an eiioneous position of the polai axis wdl be 
loveiscd, and the adjustments must be made to correspond 
Operations 1 and 2 must be repeated m order until the le- 
suits aic satisfactory 

Anothci method of performing adjustment 2 may be 
briefly mentioned Set the decimation axis horizontal, and 
by means of the adjusting screws which act upon the lower 
Y make the middle vertical wnc bisect a stai near the equa- 
tor di lire moment of its passage over the meiidian Should 

c 11 c*les di awu upon a lioi i/ontal piano, and making a maik wkeie the top 
<)( tlu‘ shadow ol tho pin falls on each cade before and aftei noon 
I’lio l)ise<tioiis of the iiitcuqitod «ucs should be m a diameter common 
to all the (udes, i^hich diamotei will be the meiidian 

* Rcfci to Intiodiutiou to Glicenwich Obseivations foi 
p Wmv 
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the observer have no meridional mstiument by which he can 
obtain time correctly, he may observe with the Equatoiial the 
passage of a stai neai the zenith, and use the time thus ob- 
tained for adjusting on the Equatoiial stai The opctdtion 
should be repeated until the icsults arc satisfactory, and when 
this IS the case adjustment 1 may be completed with all nc- 
cessaiy accuracy 

In conclusion. The verniers of the hour-ciiclc will icquiic 
a final adjustment after the rectification of the polar a\is is 
complete For this purpose let the declination axis be caic- 
fully levelled, and the verniers moved into then icspective 
places by the adjusting screws piovided for that purpose 
The mstiument, the constiuction and adjustment of which 
have just been explained, is known as Sisson^s Equatoiial, 
and it has been selceted foi the puiposc of illustiation on 
account of its simplicity, and the consequent case with which 
all its parts can be lepicscntcd and distinctly ticatcd It 
now remains to notice, briefly, such other foims of Equatoiial 
mstiument as aie m common use 
Fig 88 rcpiescnts Fiaunhofei’^s foim of Equatoiial, lu 
which a IS tne polai axis and h the attached hoiii -c irclc, c the 
declination axis and d its attached ciiclc Means for the ad- 
justment of the polar axis aic piovided at e, and of the de- 
clination axis at / The zero of the vciniers is adjiistilih' 
by means of opposite scicws at g and h iespc‘ctivcly ; z is the 
diivmg dock, which is connected with the houi-ciiclc by a 

rod not seen in the figur(‘ 
The apiiit-level, kj applies 
to cylindiictil ])aits just 
within the betumgs ol ilie 
(leclmatioii avis, and is 
more diicct iiiul cllectivi* 
in its action than the one 
pieviously dcseubod Tin 
whole IS suppoitcd upon a cast-iioii shmd 

The puncipal advantage atlending this loun of constiin- 
tion is, that the telescope will leadi cvciy p.ut ol the heave ns 
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Fig, 38 



1.6 


without intcuuption, whereas, m Sisson’s foim, it will be 
seen that the uppei suppoit of the polai axis must intcifeie 
to some extent with obseivatioii of objects about and below 
the pole It is to be obscivcd, likewise, that this instimnciit 
IS moie easily elected than the polai axis of Sisson, which 


Fig 39 




47 


icqixncs much caicful preparation in oidei to ensure its being 
within the limits of the adjustments , whereas^ in this case, 
tx simple pedestal of stone oi buck, oi if the mstiument be not 
of laige size, a stiong and fiimly biaced wooden stand, is all 
that IS lequiied 

Fig 39 icpiesents an instrument of the same foim in so fai 
<is the position of the telescope is concerned, but the houi- 
iiiid declmation-ciiclcs aie differently placed, and the clamps, 
being ncai the telescope, act most effectively and with perfect 
liecdoui liom toision, an effect against which, in the last- 
desciibcd mstiument, it is necessaiy to guaid, by giving gieat 
sticngih to the polai and declination axes The adjustments 
ioi the elevation and meiidional position of the polai axis are 
upon the top of the column In other lespects the figuie 
will lie siifhcicntly explanatoiy 

Fig 40 icpicsents an Equatoiial much used foi occasional 
obseivation of celestial phenomena m some legions of the 



Fig 40 
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heavens From the construction of this instrument, it will be 
seen that the telescope cannot he diicctcd upon objects about 
the zenith or pole but, the fiamc, which constitutes the 
stand, being of wood, it maybe easily icmoved fiom one place 
to another, and set approximately in position , and it is tbcic- 
forc well adapted to obscivation of such phenomena as occul- 
tations, or the inspection of objects about the zodiacal icgion 
Thence it has been called the Zodiacal Equatoiial 

Fig 41 IS alongitudmal section of an instiument in which, 
like Sisson’s, the length of the polai asjs exceeds that of the 


rig U 



telescope This polar axis, however, instead of bc'iiig formed 
of a smglc shaft, consists of an open frame, so const rueled 
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that the tclebcopc may occupy a cential position withm it^ 
a cucumstancc favouiable to the geneial symmetry of the in- 
stiunicnt, and advantageous m some lespects with refeience 
to tlic openings thiough the dome by which the instrument 
IS coveicd 

The paitial mteiiuption to vioion at and below the pole is 
a fault foi which theic is no remedy 

ah c d lepiesents the polar axiSj in which a and h aie two 
similai cast metal fiames, each having a cylindrical pivot m 
its centie, c and d foim the sides, and are either an open 
fiimly biaced fiamework of metal oi wood, or hoUow cones, 
oi semi-cyhndeis, strengthened by diaphiagms judiciously 
ai ranged within them These sides are securely fixed to the 
end flames, and altogcthei form an axis free to a great extent 
fioiii flexuie 01 torsion The telescope and dechnation axis e 
have the foim of an oidmaiy Tiansit Instiument, and the 
buppoit at one end of the axis is adjustable, in ordei that the 
two axes may be placed at right angles to one another The 
decimation ciiclc is shown at/, and this is counterpoised by 
a siuulai ciicle, upon the edge of which the clamp and 
tangent scicw aic usually made to act The houi -circle, A, 
is cithei immoveably fixed to the lowei pivot, or tuinmg freely 
upon it, can be clamped in any position for the purpose explain- 
ed in the note at the foot of page 38 The minoi apphances 
aie gcuei<illy similai to those of Sisson^s Equatorial, and to 
t real of them in this place would consequently be a needless 
ii'petition This foim of instrument has been adopted by the 
Astionomci Royal for some of the largest works of the kmd 
that have yet been executed rn this country, of which two ex- 
amples aic the Northumberland Equatoiial atCambiidge and 
that in the Observatory at Liverpool 

Tire Equatoiial Instrument, as usually constructed, is de- 
signed for a particular latitude, or, in other woi ds, the m- 
clination of the polar axis does not admit of variation thiough 
any considerable extent of arc Instruments, howevei, are 
made, in which the polar axis moves thiough an entire qua- 
drant, and thus admits of rectification for any latitude what- 

• 
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ever This kind is appropiiately termed the Umvcihal Equa- 
torial Sisson's instiumcnt, indeed, by a due icgulation of 
the height of the pieis, can have any icqiiucd inclination 
given to its polai axis, and so far it is nnivcisal , but its le- 
moval and le-crection would be attended with too much laboui 
and expense to make it, in that sense, at all useful to the 
scientiic tiaveller 

The Umveisal Equatoiial is shown at fig 43 All the paits 
above the houi-ciiclc a so closely resemble the coiicspondmg 
paits of the instiument lepiesented at fig 38, that they will 
be lecogniscd by the leader without fuitliei explanation 
The whole instiument tons upon the latitude axis c, to 
which IS attached a graduated quadiant indicating the eleva- 
tion of the polar axis E is an equipoise foi the paits of the 
instiument situated above the axis c 

Two spuit-lcvels arc fixed upon the base at c and f These, 
when properly adjusted, scive to indicate the genet al coiicct- 
ness of the instiument with respect to hoiizontality, and pie- 
vent the necessity for applying the level to the declination axis 
so fiequently as might otherwise be thought clesuable 

The instrument is levelled by means of the feet screws, and 
three plates are given for them to rest upon In one of these 
plates an adjustment is introduced, by which a simUl dcgicc 
of motion in azimuth may be given to the whole instniuicnt 
This serves for the final rectification to the meridian 
To adjust and rectify the instiument for observation 
Place It upon the pedestal, and, with the veinicis ol tlie 
houi-cucle set to XII and XXIV , turn the whole loiind fill 
the telescope points to the meridian as noaily as can be ascer- 
tained Set the latitude quadiant to 90°, and by means of 
the feet screws brmg the levels e and f to the middle of then 
respective openmgs 

Apply the level to the decimation axis, and by levcision, 
as before directed, adjust it within itself 

Turn twelve hours and coricct the declination .ixis , half 
by the adjustment of one of the Y's in which it rests, and hall 
by one of the foot screws 
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Turn SIX hours and do the same by means of the meridian 
foot sciew alone^ and the polai axis will now peiform an 
entne i evolution with no sensible distuibance of the axis-level 
In this state of things the le\els e and / may be finally ad- 
justed b} the screws at then ends lespectively 

To correct the zeio of decimation 

Take the altitude oi zemth distance of any distant object, 
tmn twelve horns and lepeat the obseivation Half the sum 
V ill be the true altitude or zemth distance, to which reading 
the veimers may be set by then pioper adjusting sciews 

The same distant mark will serve foi an appioximate ad- 
justment of the hne of coUmaation, having due regaid to the 
eccentiicity of the telescope, but this adjustment should be 
finally coirected by refeience to the heavens as befoie directed, 
m page 41 

To collect the veimers of the houi-cncle. 

Place the polai axis hoiizontal Do the same with the 
declination axis by means of the spuit-level, and set the 
\emiers to XII and XXIV. hours These verniers are held 
by the sciews b b 

If the polai axis be now set to the latitude of the place, 
the mstmment is rectified m every lespect except as regards 
its final meiidional position, and this last adjustment may be 
pei formed by either of the methods alieady explamed. 

If the time and the latitude of the place be known, such 
an instrument can be placed pietty neaily in the meiidian m 
the foUowmg manner — 

1st Elevate the polai axis to the latitude of the place, 

2nd Set to the decimation of the object 

3id Compute the hour-angle, or distance of the object 
fiom the meiidian, and set the hour-circle vermers accoid- 
mgly 

4th Tmn the entire mstmment round upon the feet 
screws, having regaid to the spint-levels, until the object 
appeals m the centie of the field of view, and the mstmment 
will then be found so neaily lectified that the telescope can 
be directed to any object at pleasuie 
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Aj)plication 
of tlie 
Equatonal 


A vertical axis upon which the whole instiumcnt may in- 
volve would much facilitate this method of fixing the Uiiivt i sal 
Equatonal; hut it is seldom applied on account of its inci casing 
the weight and expense of the instiumcnt; at the same lime 
that it lenders it less steady. 

Eig 43 IS a combination of the Zodiacal and Uuivc i sal 
EquatoiialS; and its seveial paits will be evident fiom an in- 
spection of the figiue. 

I have finally to mention the seveial pui poses to which an 
Equatorial may be dnected 

Time IS the first leqmsite of the piactical astionomci , and 
thiS; in the absence of a Tiansit Instiumcnt; maybe obtained 
appioximately by means of the instiumcnt undci coiisidcui- 
tion The following would be the mode of piocecdnig 

Having attended carefully to the adjustment of the tledi- 
nation axis, bung the mstiument to the position coiies])ond- 
ing to zeio (24 houis) upon the houi-ciiclc; and theie clamp 
it If the adjustments aic pcifcct; the line of sight will luw, 
when the telescope is made to levolve ujion the decimation 
axiS; move in the plane of the mciidian; and the mstiument 
may be used as a transit Should theic be a small deviation 
fiom the mciidional planC; it must be lound by means of 
obscivations of high and low stais, and collected ior bj tlu 
usual methods 

The sideical time being laiown; the telescope may be jxunlc'd 
to an object in the following manuci Take fiom tlu^ data- 
logue the decimation (oi polai distance as the ease may i (»- 
quire) of the object; and set the veimcis of the declmation- 
ciiclc accoidmgly Next take its light asccnsiou; subtiact 
this fiom the light ascension of the meudian plus 2t horns, 
when the lattci is less than the foimcr; i e when tlu^ stai is 
to the east of the meridian, and set the veinieis of tlu* hour- 
ciicle to the ic&ulting dificicncc The stai should thcui lx* 
seen m the field of view 

If the star be ncai the hoiizon; its place will be consnb i- 
ably affected by icfi action Uiidci such ciieumslaiif es tin 

•* Consult Penny Cv^lop^ciha, ai ticks 'Tiansit ’ and ‘ Eipuitoiial 
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obseivci should use a low powci for finding and bunging an 
object to the ccntie of the field of view, applying afteiwaids 
such othci powci as he may find expedient 

The icveise of the piocess employed in finding an object, 
the place of which is known, will give the place of an object 
bcfoie unknown It must however be mentioned, that an 
equatoiial, applied m this way, especially if tinned a consider- 
able distance fiom the mciidian, will give places appioxi- 
matcly only, and, if gieatei exactness be icquiied, the instiu- 
ment must be used diflfcicntially , that is, the place of the 
unknown object must be detci mined with lefeicnce to a 
known one in its immediate vicinity in older that the icsults 
may be as little affected as possible by flexuic of the tele- 
scope, 01 othci distuibmg causes consequent on change of 
position 

Having diiccted the telescope to the object, a comet for 
example, and seemed both the clamps, obscivc the time of its 
passage ovei the mciidian-wnes, and icad the polai distance 
fiom the dcclmation-cnclc Leave tlic houi-cncle undis- 
tuibcd, and, having set the declmation-cnclc foi a known 
stai, following, and not vciy fai fiom the unknown object, 
await its aiuval, and obscive the time of passage and polai 
distance as bcfoic f It will be obvious that the cliff ei once 
between the obscivcd times of passage will be the diftcience 
in iiglit ascension, and the difference between the loadings of 
the declmation-ciicle the difleicncc of polai distance of the 
two objects After an obseivation sufficient foi detcimining 
the place of the unknown object with such accuiacy that 
the obseivci will be able to find it again, the stai of compa- 
iison may cithci piecede oi follow indifleicntly If the ob- 
boivei have any doubt about the state ot adjustment of his 
msti ament, the polai axis should be turned thiough 13 houi*s, 
and the above opciation icpcatcd This and othci expedients 
will picsent themselves by degiccs to one who diligently 
occupies himself with tins kind of woik. 

* In making those obstivatious, the Miciometei may be used with 
advantage 
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Of all inqunies^ howevei, m whicli the possessor of an 
equatorial can be engaged, the examination and measuimg of 
double and multiple stais is by fai the most interesting It 
may be pursued whenever the weathei permits, and the ob- 
seivations, if made with ordmaiy care, and with an instiumcnt 
of sufficient power*, will be extiemcly valuable 

By an observation of a double star, we dcteiminc thc^ 062 - 
tton and distance of the objects which compose it The fiist 
IS the aic mteicepted between the noithein point of the meii- 
dian of the laiger of the component stais (which is supposed to 
be in thecentie) and a line passing thiough the centics of the 
two , and the last is the angulai distance between the two 
Let the space included within the ciiclc of fig 44 lepicscnt 


Fig 44 



the field of a telescope, and NS the meridian passing thiough 
the star «, the othci component being b Let the circumfci cnce 
be divided into 360®, commencing at the noith point and 
increasing in the order repiesentcd in the figure Then the 
angle N « S is the angle of positionf The distance is mcasuicd 

* A large proportion of the double stars may be well obseived with 
a telescope of foui mches aperture 

t This is accoidmg to Sir John HeischeFs nomenclature, nowpietty 
geneially adopted Foi information concerning the dillcrciice between 
this and that of Sii W Heischel, and foi other e\ccedmgly useful 
matter connected with this subject, the leadei isieferred to the “ Com- 
panion to the Maps of the Stais,” b> A De Moigan Baldwin and Co , 
1836 
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upon the line a 6, and this, as well as the position, is deter- 
mined by means of either the parallel hne or the double 
image miciometer, appendages which shall now be briefly 
described 

The Paiallel Line Position Miciometer is shown at fig 45 : Paialiei 
a IS the position-circle formed of two plates, one of which may Micro- 
be attached to the eye-end of the telescope by means of an “leter 
adapting screw, and the second turns freely upon the first 
A hole through the centres allows the cone of lays fiom the 
object-glass to pass to the diaphragm 

The edge of the fixed plate is giaduated and numbered 
from 0 to 360, in the Older represented at fig 44 Two 
vermers upon the moveable, oi index plate, read each to one 


Fig 45 



minute of arc, and this plate is carried round by rack and 
pinion motion Upon the mdex plate is a parallel box 6, and 


Fig 46 
I c 
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Adjtistin< III 
()l Mu 10- 
mcU t 


t iis (Muncs within it a system of lines, of which one, « ^5 
(Ilf; 1(>), the position-lmc, is fixed, and two othcis, 

h b, ( ,it ii^ht angjlcs to it, aie moveable Each of thcbe 
IS <itl«u lied to ,i luiciometei-sciew, of which the milled heads 
and nieuLu scab sec (fig 45) pioject beyond the ciicumfc- 
ivinc oj tlu‘ |>ositioii-ciicle, and each of the ciiculai scales, by 
whuli till* liuiuhodth pait of a revolution is shown, turns 
upon Its s(ii*\v to admit of adjustment to zcio The cntiic 
KNolnhoiis ol ilie sciew aie indicated by the notched scale 
sun witliiu (h(‘ tudd oi view (fig 46) The zcio division of 
tins Slab IS tlist uiguishcd by its teimmating in a ciiculai 
hull, and wIumi the two lines coincide in the middle of this 
ilnisiou tlu /a‘t<> lines upon the ciiculai scales should coiii- 
eidt uith th<*n lespective indices They may be made to do 
so, w Ik n n(*( dful^ by holding the milled head himly with one 
hinul, and with the otliei tmnmg the scale louiid to the rc- 
<{nu( d position. 

ri<*uoiis to using the mstiumcnt foi the dctcimination of 
lh( poatiuu 4 ukI distance of a double stai the following steps 
will hi n<*( 1 ‘ssary 

1st Set (he Niumcis to 360° and 180° upon the position 
<*in In, and tuin the entiic iniciometcr lound within the eye- 
end of tlu* tfh*s(‘ope till a stai luns along the line b b oi c ( 
Tlu* position wu<* and zcio of the ciicle will then he in ad- 
just nu n( It In iiliuost needless toicmaik that this opeiation 
will have to hi* repeated whcncvci the miciomctei is leplaced 
urtii tenioval 

"ind "ro <U‘((*iminc the value (in aic) of the levolutioiis ol 
tlu mu iomet<*r-H( rewss. 

m imaim oi the rac L and pmion motion set the vcinicis 
to MO and xipou the position-circlc, or, in othex woids, 

lit tin stai now iixu along the line a a Open the paiallel 
lines to any iiumlx*! of icvolutions apart, and obscivc the time 
oeeupnd b\ any slandaid stai (if ncai the pole the bcttei) 
in pa'oim; I’lom lino to line. The piodiict, mtcival in se 
(*oiuU ol‘ tinn X 15 X cosine of stai’s declination, will be 
tlu numlu I oi st*( onds of aic equivalent to tlie niimbci ol ic- 
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volutions by wbich the lines aie sepaiated^ . The value of 
the scale once well detei mined may be used on eveiy occasion 
alteiwaids with the same telescope 

We may now diiect the telescope to a double stai, and 
piocccd as follows tion 

By means of the lack and pinion, turn the position hne 
till the two stais aic bisected by it, and the vcinici will then 
show the icquiied angle of position Next, move the paiallcl 
lines b b and c c till each of them bisects one of the stais 
The 1 evolutions and paits taken fioni the scales and convcitcd 
into aic will give the distance sought 

The usual and piopcr method of proceeding is to leave one 
of the Imcs fixed at zcio, and^ by moving the instiumcnt, oi 
by turning one of the scicws of the Slipping Piece if the 
instiumcnt be furnished with one, to make this line bisect each 
stai altcinatcly The bisection of the second stai is made with 
the othci line, and the leading of its miciomctci head le- 
coidcd Each pair of leadings will obviously give the distance 
between the objects, fiec from index error, inasmuch as the 
distance between the first and second position of the micro- 
nietci line is equal to twice the distance between the objects 

^ Although the icsult of the method above descri])ed will be the 
most accuiate, the value ol the scale may ncvatlieless be detcimmcd 
by icfcniug it to the divisions upon the declination ciitle Having set 
tlie veiniei of the position ciule to /eio, open the parallel lines any 
uiimhei of i evolutions, say twenty Move the lustiument upon the di- 
(luiation a\is until one of them bisects a stai, andm this position lead 
the veimus of the declination ciiclc Then hy means of the tangent 
sciew move the instiument until the othci hue bisect', the same stai, 
and again lead the vemicis The difteunce of these leadings will he 
tlu‘ niinutes and seconds of arc equivalent to twenty revolutions of the 
miciomctei-seiew 

i This IS simply a bo\ cont<uning a fiamc, to which two motions at 
light angles to eath other may be given by means of deluatc sinews, 
the hov adapting to the end ol the ttlesiope aiul the muiomcici to the 
moveable fiame It is uselul when a (doek is em])loyed to give motion 
to the mstiument, loi it enables tlie obseivei not only to coneet foi 
any small ineipialily oi eiioi in the late of the dock itself, hut likewise 
to make the lines bisect any ob)ert without distmhing tluii idativo 
position 01 mtcifamg with the apjiaiatus (onneeted with the dock 
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Double- 
image Mi- 
crometer 


It hardly need be suggested that at least five measures of posi- 
tion and as many of distance should be obtained^ and a mean 
of them taken It is not however necessary that the bisection 
with the fixed line should be of each star alternately^ the 
same star may be bisected by it any numbci of times success- 
ively , but then^ throughout an equal numbci of succeeding 
observations, it should be made to bisect the second stai 
The negative Achromatic or Bailow lens is fiequcntly 
supplied with the Paiallel Lme Position Miciomctei It is 
introduced between the eye-picce and the object-glass, and 
has the property of increasing the magnifying powei ii re- 
spective of the eye-piece, by which means the increasing of 
the apparent thickness of the hues with such inciease of 
power 18 avoided An adapting tube (fig 47), having a sciew 
near the middle of its length, fixes mto the eye-tube of the 
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telescope The Barlow lens is at «, and the nnerometer, oi 
other eye-piece, at h 

The double-image Micrometer is, m pimciplc, similar to 
the Dynameter desciibed at page 23 It consists of an 
eye-piece having four lenses, of which the second (fiom the 
object-glass) is bisected, and has one of its segments move- 
able by a micrometer-screw The entiie revolutions of this 
screw aie shovm upon an extenor scale, and the fi actional 
parts upon the micrometer head The scales should each 
read 0 when the eye-picce shows but one image The fiist 
or exteiior scale, is adjusted by the maker, and the scale of the 
micrometer head m this case, as in the one just tieated of, 
turns round upon the screw for the puipose of adjustment to 
zero. The magnifying power is vaned by a change of the 

* Philosophical Transactions, 1834 
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lens next the object-glass, for wbicb purpose four lenses are 
usually suppbcd 

There aie two first eye-pipes, in all lespects similar to one 
another, excepting that m one of them a single wire is 
sti etched act OSS the middle of the field of view, which wixe 
IS essential for the adjustment of the position-circle as well 
as for obtaining the value of the revolutions on the micro- 
metei -screw. The other eye-pipe is used foi making the 
obseivations 

A flame, adjustable by means of a screw, is placed between 
the cye-piece and the position-circle, its object being to give 
to the images formed by the two segments an equal degree 
of biilliancy 

The po&ition-ciicle lesembles that of the paiallel line mi- 
ciometci , indeed it is common to have a single circle to 
which one or other of these mstiumcnts may be applied at 
pleasuie 

To adjust the zcio of the position-circle 

Ducct the telescope to a stai , sepaiate the images, and turn 
the cye-pipc till they aie bisected by the wire This step places 
the wiic in a line with the ccnties of the scmi-lenses Finally, 
set the vcinicis to 360° and 180° upon the position-circlc, and, 
retaining them theic, turn the entiie micromctci within the 
eye-tube of the telescope, till the stai continues bisected by 
the wiic when the telescope is moved upon the decimation 
axis This adjustment is then complete 

To obtain the value of the micromctoi -screw. 

Set the veinieis to 90° and 270° upon the position-circle, 
scpaiatc the images any numbei of levolutions, say 10, and, 
having clamped the houi -circle, note the mteival of time be- 
tween the passages of the two images of the star acioss the 
wiic The interval x 15 x cosme of starts dechnation will 
give the value sought 

The above prcpaiatioii having been carefully made, the 
position and distance of a double stai may be thus dctei- 
mined 

1st Foi Position — Sepaiate the images, and, by turning 
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the mdex-platc of the position-circle by nicaiis of the lack 
and pinion motion^ place the foni sUis in a stiaight line 
The vcinieis will then show the angle of iiositioii 

Snd For Distance —Let the stais be designated a and b 
Place a upon b, and b upon a alternately, and the mean ol 
the readings will give the distance fice fioiii index ciioi 
For double stars of veiy ncaily equal niagiutudes, oi ioi 
such as are too minute to bcai an illuminated tiehl, this in- 
strument is well adapted ^ 

Foi fuithei mfoimation on this subject, icfei to pujiiis b\ tin 
Astionomei Royal mvol vv of the Mcinoiis ol the Ro>al Astumomu il 
Society, and m thclntiodiictiontotlio Gioonvvicli Olison atious loi IS s . 
and for mfoimation icspcctiug the ObjOot-j^Liss, Aimulu, «iiul ollui 
Miciometeis, bee Di Pcaisou’s Iiitioduction to Pi.ictK al Astionoini 
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THE OBSEEVATORY 

In so vanable a cliniate as tbat of England, whcie oppoi- 
tunitics foi astionomical pursuits, especially at some seasons 
of the yeai, aie raic, and even those geneially of shoit duia- 
tion, it IS haidly possible to pcrscvcic in anything like a sy- 
stematic couiso of observations, unless the instiumcnts aie 
piotccted by some sort of coveiing in the shape of an obser- 
vatoiy, howcvei humble and unpietending it may be The 
amatem, who has no object beyond the giatificalion aiising 
fiom a telescopic view of the heavenly bodies, has mcicly, in 
favoiiiable wcathci, to caiiy out his telescope and proceed at 
once to his amusement , and even to one who ascends a step 
higher, and indulges m the luxury of an equatorial stand — a 
stone slab upon a lawn with three grooves to gmdc the feet 
of his instrument to then piopci position — oi a similai guide 
in an open balcony, or upon the flat roof of a house, is all 
that IS absolutely icqmied to lender such means available at 
veiy few minutes’ notice. But to one who desues to jom in 
the lacc of astronomical discovery, or can find pleasure only 
in that dcgicc of emetness of which astronomical obsci rations 
arc capable, something more is needed than the mere cxtcin- 
poiaiicous equipments above adverted to. 

It IS quite possible, indeed, and not an uncommon practice, 
to leave the stand of a Transit Instrument in the open an, or 
piotccted only by some walci-pioof covciing, and to cany 
out the instrument and rectify it foi an cvenmg’s observa- 
tions by means of the level and meridian mark, and so also 
with icspcct to an Equatorial But in nine cases out of ten 
the evening which promised to be fine tmns out cloudy and 
unfavoui able, and nothing in such a case lemains for the 
astionomci, after all the laboui of carrying out and adjustmg 
his instiumcnts, but to icmovo them fiom then stands and 
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replace them in their boxes A few such disappointments, 
with the fruitless exposure to night an, and perhaps some 
unpleasant inroad upon the health, have a wondeiful effect in 
chilhng the aidoui, even of one who commences with good 
piepaiation and with no common degree of zeal 

But the election of an obseivatory is an undertaking from 
which many recoil who spend liberally in the purchase of 
good and efficient instruments Such a work is associated in 
the imagination with much costly machinery and some aichi- 
tectuial decoiation, all which, where economy is not an ob- 
ject, maybe desiiable things enough, in so far as they add to 
the comfort, or display the taste of the proprietor — but that 
they are not indispensable, the author believes he can show 
by citing one or two examples 

The late Edward Troughton, who resided constantly in 
London, and in one of its most crowded thoioughfaics, con- 
trived a support foi an mstiumcnt by fixing two beams of fii, 
parallel to each other and about 12 inches apart, into tlie 
opposite side, 01 paity-walls of his house The walls wcic 
about 15 feet asundei, and the beams extended from side to 
side perfectly untouched by the loof oi othci p<ut of the 
building The beams wcie tied together by blocks of wood 
between them in two oi three places, and a stone slab about 
4 mehes thick was laid upon them, and upon this the instill- 
ment was fixed 

The standing room was upon a flooring, suspended by 
non rods from the lafteis above, and two steps on each side 
enabled the observer to pass fiom the north to the south bide 
of the flooring, oi the reverse, without risk of touching the 
beams or otherwise distuibmg the mstiument. 

The observatory was in the first instance covered by a re- 
volving dome of copper, which continued there many yeais — 
but on falling into bad repaii was replaced by a door sliding 
sideways upon the roof of the house 

The fiont of the house, having veiy nearly a southern 
aspect, and being as lofty as the buildings around it, gave a 
clear and uninteirupted view of the mendian fioni the noith- 
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ein to the southern hoiizon, oi veiy neaily so, and a ehink m 
the masonry of St AndieVs Chuich in Ilolboin, at about the 
thud of a mile distance, being exaetly to the north of the 
obseivatory, seivcd excellently as a niciidian maik 

To the east and west, at about two houis from the mcii- 
dian, the view was intercepted by chimneys , so that, although 
the place was admirably adapted foi meiidional obseivations, 
it was limited in its lange foi an Equatoiial or an Altitude 
and Azimuth Instrument 

In this humble election, thiough a long course of years, 
beginning at about the yeai 1780 — several mstiumcnts which 
subsequently became known in the annals of piactical astro- 
nomy were completed and veiified — ^many hints suggestive of 
impoitant impiovements weie obtained, and by the expeii- 
ence of their woikiug and of the wants of asiionomy in this 
depaitment, aided by his gieat natuial taste and talent, the 
distinguished piopiietoi was led to the adoption of that sym- 
metiy of foim, and unprecedented accuiacy in all the details 
of astionomical mstiumcnts, for which his woiks aie so de- 
scivcdly cclebiatcd 

It may excite wondei, that in such a situation as Elect 
Stiect, any such thing as an astionomical obseivation could 
be made at all, seeing that the place is m an almost pcipctual 
state of tiembling and vibiation, a condition which contiasts 
amusingly with the pains that aic taken to ensuic steadiness, 
even in places lemotc fiom towns, and to all appcaiance ficc 
fioiu cvciy immediate cause of distuibancc But Tioughton^s 
method was to take the time, oi the decimation, as the case 
might be, when the object vibrated equally on both sides of the 
diaphiagm-wiic of the mstiumcnt, and he jocularly insisted 
that such a condition was picfci<ible to pcilcct steadiness — 
and although the authoi cannot subset ibc to tins view ol the 
case, he can attest without hcsitiitiou that the accuiacy of 
which obseivations, whethei oi light ascension oi of d(‘clma- 
tion, aic m such a place susceptible, is truly suipiising, and 
with a disciplined eye not gi rally mfeiioi to otheis mack* 
undei no sudi disadvantage 
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One fact in connection with this ohscrvatoiy may be men- 

of a. ».o.t Z. 

pagated by means which appeal quite madcqnat. foi the p. 
Lction of such effects Of the twenty-fom horns (.1 each 
ZXo only in Beet Stieet arc houis of comparative icposc, 
and those aie between two and foui in the J 

about the foimci horn the last loitcici ni oui ^ 

amusement is on his way home, and at the 
waggons of the maiket gaidenei aic again lumhh < S 
the^ street Dm mg this intcival only an occasional eaiiiaeC 
passes, and its appioach can be seen by the appaient vi la- 
Lns of a stai m the field of the telescope, some ‘ 

time before the faintest mmmui of the lolling ot the wheels 

upon the pavement is detected by the cai. 

.op.cootat.vo of T.o«6l.Wo OW-volOT. 

.tads w.am . few yaid. of .to p.odccto., oocl «.js .1.- 

slfmed for a Clock,a Transitlnstiument, and an oi diu.ny Lciua- 
toiial of the zodiacal foim It has howevi i be en supcseded 

hy one at the distance of a few miles fiom Loudon, to whuh 
the instiumcnts have been icmovcd, and of whu li the lollow- 
me IS a dcsciiption 

Bg 48 IS a plan of the building Bi< length ol it is 
Fig 48 



16fect, thcbieadth7fcct,audtheheight7f(et The length 

as tneed due cast and west The doo. is sit ii.ited .it f/, a ni- 
dowat6,the suppoit of the cloi k ate, tin pie. loi he l.an, t 
Instrameut at d, and a similar one at e loi the Lipiafoiial 
To the south of the Transit Instrument is .1 naiiow oia ning 
closed by a door it descends bidow the lioi izon ol t he ui-t 1 11 - 
ment, which can by this means be directed to a meiutian 
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maik Between the flooimg and the piers a considerable 
space IS left in oidei to pi event the possibility of contact, 
this must in all cases be caiefully attended to, oi vibiations 
will be communicated to the instiuments, and peihaps even 
then adjustments disturbed The sides and ends of the build- 
ing aie foimed of an open but well-biaced fiamcwork of 
timbci, the outside being coveicd with asphalt felt well- 
coated with paint, and the inside with an oak pattern papei 
stiamcd upon canvas, which gives to the room a neat and 
finished appeal ance 

The loof IS flat and neaily level, only sufficient inclination 
being given to it to diain off lain upon one side Half the 
loom fioni a to f IS pcimanently closed, and gives space foi 
a chair and table The other half, oi that part in which the 
instiuments aic placed, is coveied by a shuttci which can be 
lun off upon the coveied part Foi this puiposc an non lail 
the length of the building is sciewcd down on each side, and 
upon the undei side of the shuttei scvcial lolleis aic fi\ed 
which iLin upon the i ails The top, like the sides, is coveicd 
with asphalt felt 

The picis foi the instiuments aie of buck, built in Roman 
cement, and the pier foi the clock is foimcd of two deals 
1-] inch thick and about 10 feet long, screwed togcthoi m 
planes at iiglit angles to one another (_L is the horizontal 
section), jfi\cd cicct in the giound, 4 feci of the length being 
beneath tlic suifacc 

When the Tiansit Instrument alone is in use it suffices 
toicmovc the shuttci a few inches, but when obseivations 
aie to be made with the Equatorial, it is i oiled away until the 
space d f is entiicly uiicovcicd, thus giving a clcai and unin- 
tciruptcd view of th(‘ heavems 

Thio kind ol loof is smied only to the Fiaunhofei and zo- 
diacal Ibinis of Eqmitoiial, which admit of the telescope being 
placed just beneath the shuttei, a condition essential, inas- 
much as the view foi seveial degrees above the lioiizon would 
otherwise be obsfiuetcd by the sides of the building 

The small cost of such a (oveiing foi an Equatorial is not 

V 2 
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its only lecommendation a telescope peifoims bettei in the 
open air than when directed through any aperture or windox\ 
whatever , it being impossible in such a case altogethci to 
avoid eddies of diffeiently heated curients of an, which aie 
invaiiahly fruitful souices of mischief, and frequently destine- 
tive of everything like satisfactory vision It is fuithei to be 
ohseived, too, that to a beginner in astronomy a knowledge 
of the visible heavens is neither a useless noi an unpleasing 
attamment, and this is not to be made by an observer who 
looks at the stars through an opening in the roof of an ob- 
serving loom, unless he make it a distinct object of study 


Fig 49 



The form of observatory jiietty generally adopted is shown 
in plan and elevation by figs 49 and 50 The eiiculai looin 


Fig 50 
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A IS intended to leccive the Equatoiial, and is surmounted 
by a levolvmg loof, to which eithei a cyhndiical or a conical 
loini IS often given, as being less expensive, though ceitainly 
less elegant, than the hemispheiical 

If the mstiument be of the Sisson foim, two pieis will be 
lequncd foi its support, but if it be after the pattern of 
Eiaunhofei, one only, m the centie of the loom, will be 
needed The Tiansit Instiument may be fixed at B, and the 
clock at C, wheie it can be seen by an observer at eithei in- 
stiument The opening foi the Transit Instiument is earned 
acioss the loof and down the opposite walls of the building, 
in 01 del that the telescope may command the entiie meiidian, 
which should cioss the building at light angles, oi neaily so 
The shuttci ovei the opening acioss the loof should eithei 
slide off lateially, oi be altogcthei removeable In all cases 
it seems desiiable that obseivatoiy shuttci s should not, when 
open, stand pcipendiculaily upon the lOof, for should the 
wind blow against them, not only is there pioduced a diaft 
cxtiemcly inconvenient to the obseiver, but a stir and agita- 
tion aie kept u]) bcfoie the object-glass by no means favour- 
able to its peifoimance A fuithei and seiious objection to 
elect shuttci s upon levolving lools is this — in some posi- 
tions of the telescope upon a Sisson^s or a Fiaunhofei^s 
EqUiitoi lal, such a shuttci obstiucts the view, and m effect 
gicatly con ti acts the apcituie 

It IS ii too common fault to make the openings in loofs 
uaiiowei than they ought to be Eighteen inches is not too 
wide 111 any case, and m domes of veiy laige diametci the 
opeiuiig rtlioiild be much wider in fact, as before stated, the 
inoie nt aily <hi appioachcan be made to the condition of the 
open air, the better, m a gcneial way, will the telescope 
pci foi m 

With legal d to the most eligible foim foi a revolving roof, 
notluiig ean be said absolutely. The cyhndiical, if appcaiancc 
be but a secoudaiy object, is so easily constructed, and affoids 
sudi uvidy means foi adapting close and clfcciivc shutteis, 
th<it itvs adoption may be safely iccommcndcd. A loof having 
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a conical form, constructed by the Rev Samuel King, and 
now the piopeity of Waiien De la Rue, Esq , is, peihaps, as 
appiopiiatc and inexpensive a thing of the kind as can be 
met with It IS repiesented by fig 51 

51 



The interior diameter of the base is 8 feet 6 inches, and 
the perpcndiculai height 4 feet 3 inches The framework is 
of deal, in all icspects as light as is consistent with a due rc- 
gaid to sticngth, and the cxteinal covciing is canvas, made 
impel vious to moistuie by a strong coat of paint The width 
of the opening is 18 inches, and extends on both sides fiom 
the apex to the base The shutteis aie of deal, and aic re- 
moved by lifting off from the outside, an opeiation easily pci - 
formed by a peison of ordinary height standing on an eleva- 
tion of about a feet above the suiioundmg lawn One end 
of each shuttei rests upon the base of the cone, and the sides 
project sufiicicntly beyond the opening to pievcnt the intiusion 
of lain 01 snow The shutter, which gcncially remains in its 
place, has upon its upper end a piojecting lip winch per- 
fectly closes the apex , and each shiitici is held securely m its 
place hy a cioss hai, or button, winch turns upon a centre, 
and (‘iitcis a moiiice on each side of tlie opening 

Upon the under side of the base are fixed eight rollers of 
3 ruchc‘s diumctci, which run upon an iron ring sciewod down 
upon lh(' w<ill-platc Eight similai lolhus act against the 
cml) of the dome, and retain it in a cential position Very 
little lou‘e IS rcc]nir(‘d to put it into motion, and its action is 

most effective and satisfactoiy 

The roof )ust dcscubed was made to covci an Equatoual 
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of the kind shown by fig 38, caiiying a telescope of 6 feet 
focal length and 4 inches aperture Such an apparatus is so 
manageable, and m eveiy respect so well-adapted to the pur- 
poses of the amateui, that few will be tempted to exceed 
these model ate dimensions 

Another foim of revolving loof, fig 52, combines the cy- 


Fig 52 



lindci and cone, and has an opening extending fiom the apex 
down to the base, oi veiy nearly so The shutter foi the cylin- 
diical pait opens inwaids, whilst, as legards that upon the 
cone, it may be made to remove entnely , or if this be ob- 
jected to, or the outside of the building be not easily access- 
ible, the following method may be adopted 

Let <?, 6, b (fig 53) rcpicsent the roof in section At c, in 
the centre, an axis with flanges above and below turns within 


Fig 



a socket formed of two pails oi half holes To the uppei 
flange the shuttei d e is Jirmly set owed, being one of two 
countcipoiscH, so placed, as, when the shuttci is open, to be 
pcifectly clear of the opening To the lowei flange at c an 
aim IS attached, which, passing round to b in the direction 
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of the dotted line, is within leach of the hand of a person 
standing on the flooi of the observatoiy 

That this constiuction of shnttci docs not admit of the 
openmg being extended beyond the apex, is no objection to 
its adoption if the Bqnatoiial he of the Sisson oi the Fiaun- 
hofei foim , foi the eecentiicity of the telescope on eithei ol 
those instiumcnts lequucs that the openmg be tmned m the 
diiection of the Piime Veitical in oidei to make a zenithal 
obseivation The necessity foi doing so, might, mdeed, be 
avoided by makmg the width of the openmg at least equal 
to twice the eccentiicity of the telescope, but this, m most 
cases, would exceed all reasonable dimensions, and w'ltb so 
simple a remedy at hand deserves no consideiation whatcvei 
The form of shuttei last desciibed is hkevnse applicable 
to a hemisphciical dome, but the most suitable, pcihaps, is 
that which extends thiough a quadrant, and runs upon lollcis 
on paiallel iidges outside The iidges are continued fiom 
houzon to horizon, but the openmg is on one side only, viz 
from the houzon to the zenith, oi nearly so Pig 54 is a 
cross section of the dome and shuttei Fig 55 shows a sec- 
tion at nght angles to the last, and exhibits the appaiatus for 
openmg and closing the shuttei The two exticmitics of a 
cord of suitable length aietied to the end of the shutter at h. 
This cord passes over a series of pulleys without and witliiii 
the dome in the diicction of the dots, and at c, a weight, 
which nearly counterbalances the shuttei, is seemed to it 
The figure shows the shuttei open, the effect of the weight at 
c being to assist m causing it to levolvc on the outside of tin* 
dome towards and so to close the apcituic &f When, by 
a gentle piessure, the weight is biought to d, the noiddlc ol 
the shuttei is over the apex of the dome, and, when the 
shuttei 18 closed, t e occupies the position af, the weight 
wiU be at d, from which it will again descend towaids d when 
the shutter is reopened A biacket might depend fioni tin* 
base of the dome, and leceivmg the weight befoie it descend 
to the pomt d, retain it till the descending shuttei again bung 
it into action 



It IS dcsiiablc to have a small window m some convenient 
pait of d dome in oidci that su&cicni light may be admitted 
Ibi the obsei vei^s occasional o( cupation about the instrument 
The lotation ot a dome is most easily c fleeted upon tliKO 
sphcicbj 01 cannon-balls, aiiangcd at equal distances beneath 
the base The channel in which they lun may consist of two 


Fig 5t) 



mif^s of iiou, llio cioHs section ot whidi is in the loun of the 
l(U(i L, as icpuscntccl by hf; TiO, in whnli a icpicscnth the 



74 


circulai wall-plate of timber, and b the base oi curb of the 
dome Caie must be taken that the waU-plate is perfectly 
horizontal, and that the balls aie of exactly the same dia- 
meter The consequence of inattention to these paiticulais 
wdl be that the balls will change thcu positions with lespect 
to each other, and must be leplaced before the dome will 
rotate with facibty 

A dome of 8 or 10 feet diametci, if the channel be well- 
laid, and there be no tempoiaiy obstiuction, can be moved by 
hand without exeition to an inconvemcnt degree , but, foi 
giving motion to larger domes, iccouisc must be had to ami- 
able mechanical aids, the particulars and mode of apphea- 
tion of which aie described in many treatises on practical 
mechanics 

I shall conclude by lefemng the reader foi examples of ex- 
isting Obseivatones, and other information of great value, to 
the following works, viz — 

Memous of the Royal Astronomical Society 
Dr Pearson’s Introduction to Practical Astionomy 
A description of the Noithumbeiland Equatoiial and Ob- 
seivatoiy erected at Cambndge, by G B Any, Esq , Astio- 
nomci Royal 

Results of Astronomical Observations made at the Cape of 
Good Hope, by Sir J P W Hcrschel, Bart , in which is 
given a description and figures of a revolving loof of a pyia- 
nudal foim. 

The aiticle on Obbeivatorics in London and its Vicinity 
exhibited in 1853 John Wcale^ Ilolboin 
A Cycle of Celestial Ob]ccts, by Capt W. II Smyth, R N 


THE END 


Plaited by Tavloi .ind hancis, Red Lion Court, Fl(< t Stii(t 
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A CATALOGUE, 

Sfc 


SPECTACLES AND OPERA GLASSES 


Gold Spectacles, Single Joint 


£ 

s 

d 

from 3? 3^ to 

5 

5 

0 

Ditto, Double Joint 

fiom 4Z 4$ to 

6 

6 

0 

Ditto, Hand Fiamcs 

fiom 41 4s to 

6 

6 

0 

Silvei Spectacles, Single Joint 

from 106 to 

0 

12 

0 

Ditto, Double Joint 

fiom 13s to 

0 18 

0 

Ditto, Hand Fiamcs 


1 

1 

0 

Toitoiscsliell Spect*iclcs, Single Joint 


0 

10 

6 

Ditto, Double Joint 


0 

12 

6 

Ditto, Hand Fiamcs 

from 7s 6d to 

0 16 

0 

Fine Blue Steel Spectacles, Single Joint 


0 10 

6 

Ditto, Double Joint 


0 

12 

6 

Eye Glasses, Gold Frame 

fiom IZ Is to 

2 

2 

0 

Ditto, Silver Frame 

from 66 to 

0 

8 

6 

Ditto, Shell Flame 

from 4s 6d to 

0 

6 

0 

{Jf with Brazilian Pebbles, 6$ per pair exti a ) 




Spectacle Cases 

each 

0 

1 

0 

Opel a Glisses, Achiomatic, Ivory Bodies and Gilt Mountmgs 





from 21 2s to 

5 

6 

0 

Ditto, Double Bodies fiom 61 166 6c? to 

10 

10 

0 

TEI.ESCOPES 





1 One-foot Achromatic (Camp) Telescope, having one Drawer 

1 

5 

0 

2 Ditto (htto, Poi table, with Diawcrs 


1 

9 

0 

3 Ditto ditto, in Elcctrum 


2 

2 

0 

4 Ditto (htto, laigci apeituie iii Brass 


1 

16 

0 

5 Ditto ditto, in Brass, with e\tia Eyc-piecc and Rest, m a 




Maioon Case 


3 

3 

0 

6. Eightcen-incli ditto, in Biass 


2 

12 

6 

7 Two-feet (htto, Recoimoitiing 


3 13 

6 

8 Ditto ditto, m Eli»(tunn 


5 

5 

0 

9 Ditto ditto, in Electiuin, with Compass, &c 


6 

6 

0 

10 Ditto ditto ditto, with foui Drawer® in Biass 

4 

4 

0 

11 Thuty-iiich ditto ditto 


6 

6 

0 

12 Thiee-ieet (htto ditto 


6 

6 

0 

13 Militaiy Cases and Slings lor the above Telescopes, 





from lOs bd to 

0 12 

6 

14 Portable Brass Stand foi the above Telescopes, from 21s to 

2 

12 

6 

15 Dumpy Day or Night Glass 


4 

4 

0 


4 


TROUGHTON AND SIMMS’s CATALOGUF 


16 Dumpy Day oi Night Glass, with Panciatic Eye-piccc 4 11 

17 Two-feet Navy Telescope 

18 Ditto ditto, Biass Body, covered with Leather ^ 

19 Ditto ditto, with Spiay Shade ^ 

20 Thiee-fcet ditto, with Spiay Shade ** 

21 Foui-fect ditto, with Two Powcis, in a Case 

22 Day oi Night Telescope (Deck Glass), with Spiay Shade 1 1 

23 Night Glass ' 

24 Ditto, Achiomatic ** ^ 

25 Oidnancc Signal Station Telescope 

2() Thuty-mch Achiomatic Telescope, two-and-a-qiia,itt?i“iu<h 
Object Glass, mounted on Bia&s Pillai-and-claw Stand, 
with a Teuestiial and an Astionomical Eyc-picce, in a 
Mahogany Case 

27 Ditto, with Veitical Rack Motion , 1- - 

28 Ditto, with two-and-thiee-qiuiitei-moh Ohjcit GUss, with 

Tciicstiial Eyc-picco to vaiy the M-ifiinlynig I’owti , ( liu>t 
Abtioiiomical Eyc-pioics, <im1 TuhuLu St mil, wliiili, 
when (hawn out, laiscs the Telcsco])i to a eonvenu ril 
height loi use — ^the whole packed in one C^jise about 
thiity inches long this instiument is poweiful "both as a 
Tciiestnal and as an Astionomical Telescope, and is ap- 
plicable to ohsuvatious ol Jupitei’s Satellites, Oeculta- 
tions ol Stus by the Moon, &c < - 

29 Ditto, but having Pmdei and Veiiical and lloii/oiital Ku< k 

Motions 

30 Foity-hvc-inchAcluoinaticTcleseope,two-ana-tluoc'-(iuailei- 

inch Object Glass, on Biass PilLu-aiul-elaw Stand, with 
a Tcircstual and an Astionomical hjic-piccc, in a Ma- 
hogany (bise - 23 3 

31 Ditto, but having Fmdci, Veitical Rack Motion, and an 

e\tia Eye-pieec * 

32 Ditto, tw'o-uud-tluoc-qumtci-nich Ob)ec»t Glass, with Uou- 

/oiitallLuk and Steadying Rods, complete . >1 l<» 

33 Ditto, with three-and-a-qiiaitei-mch Object (*lass, with 

Rackwoik Motions, ITndei, one Teuestiial aiul threi 
Astionomieul Eye-pu‘ccs, in a Maliogauy Cbisc^ 12 0 

34 Ditto, but having Steadying Rods, additional IS tl 

35 Ditto, with llnec-and-thict-cpiaitci-uKh Object (ilass, 

mounted as above ’ 

36 Equatoual Stand, instead oi IMlai-and-Claw to tlii‘ al)ov<‘ 

Telescopes, constructed to any gi\eii Latitude extia 3D < 
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Achiomatic Telescope, thiee-and-thiee-quaater-mch Object 
Glass, with Finder, Eye-pieces, &c , 5 feet local length, 
mounted upon a Univeisal Equatorial Stand 110 0 0 

SS Ditto ditto, 4-mch Object Glass 140 0 0 

39 Ditto ditto, 4-mch Object Glass, mounted EquatoiiaJly on 

an lion pillar, with Clock Motion, &c 150 0 0 


10 Completely mounted, Equatoiial, with Clock Movement, 

Miciomctcr, &c , 5 feet focus and 4-mch Object Glass 230 0 0 

41 Equatoiial Instiuments of larger dimensions, havmg Tele- 
scopes var^^mg fiom four-and-a-half to mne-mch Aper- 
ture, with finely graduated Cucles, Clock Movement, 
Miciometeis, &c horn 300Z to 800 0 0 

12 Umvcisal Equatoiial, with Telescope of thirty mches focal 
length and two-and-thiee-quaitei apcitme, with dech- 
nation Miciometer 84 0 0 

43 Ditto, with Telescope of three-and-three-quaiter-inches 

apeitme, with decimation Miciometer 120 0 0 

44 Valley’s Stand, Mahogany, with Brass Fittings 12 12 0 

45 Ditto (htto, laigei size 15 15 0 

46 Collimating and Befeirmg Telescopes, Magnetometeis, &c 

for use m Magnetic and othci Obscivatoiies 


SEXTANTS, QUADRANTS, COMPASSES, ETC 


47 Tioughton and Simms’s newly-mvented double Sextant, for 

Coast and Ilaibom Suiveys « 14 14 0 

48 Metal Sextant, 8-inch Radius, Double Frame, divided on 

Gold to 10 seconds 23 2 0 

49 Ditto ditto, <hvided to 10 seconds, on Platma 21 0 0 

50 Ditto ditto, divided to 10 seconds, on Silver 18 18 0 

51 Ditto (htto, Solid Flame, 7-mch, to 10 seconds, on Silver 16 16 0 

52 Ditto ditto, 6-inch, to 20 seconds 14 14 0 

53 Ditto ditto, 5-mch, to 20 seconds 13 13 0 

54 Ditto ditto, 4 -inch, to 20 seconds 10 10 0 

55 Ditto ditto, 5-mch, to 20 seconds, with Becher Xlorizon and 

Steadying Rod, in one Case 22 0 0 

56 Ditto ditto, 7-mch, Plain Cast Fiamc, to 10 seconds 1111 0 

57 Ebony Sextant, with Biass Aich 10 10 0 

58 ’'Proughton’s Reflecting Circle, 10-mch 23 2 0 

59 Ditto ditto, 12-m(*h 27 6 0 

60 Boida’s Repeating Cuclc by Reflexion, 6-mch 21 0 0 

(>1 Ditto, 8-inch . 23 2 0 
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£ 

21 


0 


133 Five-mch Ciadle Theodolite 

134 Five-mch ditto (best construction), divided on Silver, Tan- 

gent-screw Motions, &c 

136 Five-mch ditto, witb two Telescopes oi in 

136 Six-inch ditto, divided to 20 seconds, witb one Telescope ^ 

137 Six-mch ditto, with two Telescopes 

138 Five-mch ditto, with one Telescope, Transit Avs an ei- 

tical Circle , t * 

139. Five-mch ditto, with ditto, ditto, and Axis, Level, Lantern, 


25 4 
31 10 
0 

40 0 
12 10 


d 

0 

0 

0 

0 

0 


&c 


37 10 
36 15 
42 0 


0 

0 

0 


10 10 0 


140 Six-inch ditto, with ditto, ditto, and Vertical Ci^e 

141 Si\-mch ditto, with ditto, ditto, and Ams, Level, &o 

142 Five-meh ditto, with two Telescopes, Tiansit Aiis, &c , 

Ams, Level 

143 Siv-mch ditto, with ditto, ditto 

144 Seven-mch ditto, with one Telescope 

145 Seven-mch ditto, with two Telescopes 

146 Seven-mch ditto, with Tiansit Ams, Vertical Cncle, one 

Telescope, Ams, Level, &c 

147 Eight-mch ditto. Azimuth and Altitude, with Ams, Level, 

&c 

148 Ton-mch ditto, ditto 

149 Twelve-mch ditto, foi Iloii/ontal Angles only 

150 Evoiest Thoodohtc, 4-mch 

151 Ditto, ditto, 6-meli 

152 Ditto, ditto, 7-inch 

153 Eater’s Circle, avo-and-a-half-inch, complete 
164 Ditto, 3-inch 

166 Katei’s Floating Colhmatoi, six-and-a-half-mihcs 

166 Level Collimators ' 

[Larqer TheodoUtei, §•« made to Order ) 

STATION POINTEES, PttOTKACTORS, PENTAORiVPHR, KTC 
157 Twelve-mch Station Pointer 

168 Eightccn-mch ditto 

169 Twcnty-four-inch ditto 

160 Thirty-mch ditto 

161 Thico-foct ditto 

162 Six-inch best Biass Ciiculiu Protractoi, with iolihiig Arms 

and Hack and Pinion 

163 Ditto, divided upon Silver 


50 

0 

0 

35 11 

0 

45 

0 

0 

48 

10 

0 

52 

10 

0 

()5 

0 

0 

12 

0 

0 

22 

0 

0 

2(> 

5 

0 

. 36 

15 

0 

. 

0 

0 

16 

0 

0 

S 

8 

0 


to 15 15 0 


16 

17 

12 

IH 


i U 


() 

u 

u 

0 

u 

u 

h 
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164 

Eight-mch best Brass Ciiculai Piotractoi, 

divided upon 




Brass 



7 7 

0 

166 

Ditto, ditto, divided upon Silvei 



8 8 

0 

166 

Metcalfe’s Semicirculai Pi oti actor 



6 16 

6 

167 

Si\-inch Piotractor, with Yermei and Arm 



3 3 

0 

168 Eight-inch ditto, ditto 



3 13 

6 

169 

Pifteen-inch plain Circulaa Protiactor 



3 5 

0 

170 

Ten-mch ditto 



3 0 

0 

171 

Eight-mch ditto 



1 11 

6 

172 

Six-mch ditto 



1 1 

0 

173 

Semicircular plain Protractors 

fiom lbs 

to 

2 2 

0 

174 

Ivory Pi oti actors 

from 6s 

to 

0 18 

0 

175 

Ditto, upon Parallel Rollers 

from 185 

to 

1 5 

0 

176 

Ditto ditto (Chaphn’s) 



1 11 

6 

177 

Eighteen-inch best Brass Pentagiaph 



5 5 

0 

178 Twenty-four mch ditto 



6 6 

0 

179 Thuty-mch ditto . 



7 7 

0 

180 

Three-feet ditto 

, 


8 8 

0 

181 

Thiee-and-a-half-feet ditto 



9 9 

0 

182 

Pom -feet ditto 



11 11 

0 

183 

Plain Perambulators (Wood) 



9 9 

0 

184 

Ditto, Brass-mounted 



11 11 

0 

185 

Best ditto, with Metalhc Wheel 



15 15 

0 

186 

Trochiametei, for counting the Revolutions of a Carnage- 




wheel 



2 5 

0 

187 

Leather Case and Strap foi ditto 



0 10 

6 

188 

Common twelve-feet Levelhng Staff 



1 11 

6 

189 

Best ditto 



1 15 

0 

190 

Troughton’s Poi table ditto, with Level 



2 12 

6 

191 

Sopwith’s ditto, 14-feet 



2 12 

6 

192 

Ditto, 16-feet 



3 13 

0 

193 

Ditto, Painted 

from Zl 35 to 

4 4 

0 

194 

Giavatt’s Levelhng Staff, 17 feet 



3 U 

6 

196 

Ditto, Pamted 

• 


4 4 

0 


TAPE MEASURES, CHAINS, ETC 




196 Tape Mcas>iue, 25 feet, hnks 



0 7 

0 

197 

Ditto, ditto, decimals 



0 8 

0 

198 

Ditto, 33 feet, hnks 



0 8 

0 

199 

Ditto, tliiio, dccimalb 



0 9 

0 

200 

Ditto, 50 feet, hnks 

* 


0 10 

0 
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201 Tape Measure, 60 feet, decimals 

202 Ditto, 66 feet, links 

203 Ditto, ditto, decimala 

204 Ditto, 100 feet, links 

205 Ditto, ditto, decimals » 

206 Land Cham, 50 feet, and Anows 

207 Ditto, 100 feet, and ditto 

208 Ditto, 66 feet, with three Oval Rings, &c 

209 Standaid Cham, 50 feet 

210 Ditto, 66 feet 

211 Ditto, 100 feet 

{Strongcfi Chains, mathioOitm ) 


il Is. to 
5/ r>s to 
H/ Hs to 


DRAWING INSTRUMENTS, SCJALUS. RULl 


212 

213 

214 

215 

216 
217 


tioiu 1/ 1L*»» to 
(loin 1/ Is to 




Camera Lucida 
Stand for ditto 

Diawmglnstiumcnte,m Skm Cases (Sappeis mul Miiuts) 
Ditto, ditto. Bait ImUa Compmy’s pattern 
Ditto, ditto. Mahogany Case, Addisioiiibi' putfi'iii 
Ditto, ditto, Sectoi-jouiti'd liistiiiuaiits, Piuulld KiiU'is, 
Sector and PiofiiU'tor 

218 Ditto, ditto, with Sector d(ml)le-j<mi1i‘il Disideis 

219 Ditto, ditto, with piopoitiomd Comjiasses 

220 Ditto, ihtto, with Sjiniig Bows 

221 Ditto, ihtto, with Road and Wheel Pens, Needli-holilii, 

small Dividus, &.e 

222 Ditto, ditto, in KlceUuin, packed in Rosewood and Maho- 

gany Cases, host deseription lioin '>! 

223 Ditto, ihtio, Inigo Magii/me Cases litmi M .'is (o .k'l 

(Crtses <)/ fws/mwMi/s lilteil up U> uitiir ) 

224 Piopoitional Compasses, Biass, <i-nuh, plain , ' 

22.') Ditto, ditto, with Adjusting Snow - 

226 Ditto, ditto, Kleclunii, (i-nuh, plain - 

227 Ditto, ilitto, with Adpistmg Sciew, Uleetrnm - 

228 Plam Beam Compasses • 

229 Beam CompassuH with Double Adjustments and Disided 

Beam *' *" 

Ditto, ditto, Tubulai Beam Imin .'•/ 'is to H> 

Ihmu Ui ** 


U S 

d 

0 12 

0 

0 12 

0 

0 It 

0 

0 16 

0 

0 IS 

0 

t) 13 

(> 

1 

0 

1 1 

0 

5 if 

0 

6 16 

t> 

0 V) 

<> 

T 

2 12 

u 

1 11 

u 

0 11 

i) 


0 


'i I i <> 

\ I 0 

«> l*> 

7 7 0 

9 9 (I 


230 

231 
2 

2,i3 


MtiKpiois Scules, 111 Boxwood 
Dillo, m Ivoiy 
Ditto, in 


1 i D 
tt ti 

n t» 
2 0 
t» 

lo 0 
h i> 

w 0 

til 

r» t» 
< 0 
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234 

Marquois Scales, m Electmm 



d 

4 

s 

4 

d 

0 

235 

Twelve-inch Ivory Plotting Scales 

from 11s 

to 

1 

1 

0 

23(5 

Ditto, Boxwood, ditto 

from 4s 

to 

0 

7 

6 

237 Ivoiy Offset and Pocket Scales 

from 2s 6d 

to 

0 

7 

0 

2,38 

Gunter^s Scale, Brass, 2 feet 



2 

2 

0 

230 

Ditto, Boxwood 

from 5s 

to 

0 

9 

0 

240 

Ivory folding Rules 

from 10s 

to 

0 18 

0 

211 

Boxwood, ditto 

from 6s 

to 

0 15 

0 

242 

Gunner’s Rules 

from 3s 

to 

0 10 

6 

243 

Engineer’s Rules of various lands 






214 

Plain Ebony Parallel Rulers 

from Is 6d 

to 

1 

10 

0 

245 

Ditto, ditto, with Biass Edges 

from 10s 6d 

to 

2 12 

6 

246 

Plain RoUmg Ebony Parallel Rulers, per 

mch 


0 

1 

0 

247 

Ivoiy Edged and Graduated ditto, pei mch 


0 

1 

6 

218 

Biass Edged, plain ditto, pei inch, plain 



0 

1 

6 

210 

Bliss Edged and Graduated ditto, per mch 


0 

2 

0 

250 

Paiallcl Rulcis made m Electmm, &c , Curves (m Wood), 





Concave, Convex, &c , Biass Scales, and Brass and Steel 
Stiaiglit Edges of vaiious lengths 


251 Biimel’s, Napier, Pillar Compasses, &c 

HORIZONTAL DIALS MADE TO ANY LATITUDE 


252 Si\-incli to 5 minutes 110 

25.1 Nine-inch to ditto 2 6 0 

254 Twelv(‘-inch to 2 mmutes, and Equation Table 6 16 6 

255 Twclvc-mch to ditto, with Turned Edge, &c 7 7 0 

25() Fiftecn-mcli to 1 mmute, without Turned Edge 7 17 6 

257 Eighteen-mch to chtto, 32 Pomts Letteied, Equation 

Tabic, &c 18 18 0 

{Larger to Order ) 


UNIVERSAL JOINT DIALS 

258 Two-and-a-half-inch, m Case complete 2 2 0 

259 Thioc-mid-a-liaU-mch, ditto 2 12 6 

260 Fom-and-a-half-inch, ditto, with Levels in Compass 4 14 6 

261 Six-inch Ring Dial - 2 12 6 

262 Foui-inch ditto 1 15 0 


TRANSITS, CIRCLES, ETC 

26.3 Twcniy-mch Tiansit Instiument, with Iron Stand 21 0 0 

26 i Ditto, ditto, with giaduatcd Scab to Level, 8cc 23 2 0 

265 Tv\o-fect ditto, with Poi table Bi ass Stand 26 5 0 
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266 Two-and-a-half feet Transit Instrument, with lion Stand 42 

267 Ditto ditto, Impioved, two-and-a-quaitei aperture • 

268 Ditto ditto, two-and-thiee-qnaiter aperture 

269 Thiee-and-a-half feet ditto, constructed for fixing upon 

Stone Piers, complete 

270 Ditto, complete, witli Two Settmg Ciicles, &c 

271 Yanation Tiansit * 

272 Transit Cucle, 18-mclies complete, for fixing on Stone Picis l.iU 

273 Ditto, 2 feet, ditto " 

274 Ditto, 3 feet, ditto 

275 Ditto, 4 feet, ditto 

276 Twelve-mcli Altitude and Azimutli Instrument, divided on 

Silver, the Azimuth Circle Reading by Vcimcis, -uid 
the Altitude by Micrometeis 

277 Pifceen-mch ditto, both Cncles leading by Micrometers 130 

278 Ditto, the Altitude Cucle 18, and Azimuth Cucle 15 me hts, ^ 

with Mici ometei s J 

279 Ditto, both Cncles 18 inches . 

280 Colhmatoi m Axis to cithei of the above foui Instiu- ^ 

ments, extia 

281 Twelve-mch Repeatmg Cnclo (BouWs) 

282 Eighteen-mch ditto, ditto * 

(Mural Circles, SfC to Older) 


HI 

10.5 


s d 
0 0 
5 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


0 0 
0 0 

0 0 
0 0 

5 0 
0 0 
0 0 


283 Dippmg-Needle, best construction . 

284 Ati-miln-r Micromcter, with Eyc-picce 

286 Parallel Wire Position Miciometei 8/ 8s, 12? 12s 

286 Double Image Miciometei, witli Position Cnclc, Sev . 

287 Ditto, ditto, without Position Ciitlc 

288 Shpping piece, for use with Position Micioiuetei 

289 Double Image Dynamcter 

290 Divided Scale Dynamcter 

291 Reticulated Glass Eyc-piccc Micromctci, 200 to inch 

292 Wollaston’s Gomometer 


30 0 0 
1 6 0 
and 15 15 0 
1(> H> 0 
12 12 0 

2 12 i> 
4 11 <> 
1 5 0 
1 (> 0 

3 13 G 


MICROSCOPES, ETC 

293 Solar Microscopes horn 6? lbs iul to 21 0 0 

294 Botanic ditto, small size 

295 Ditto ditto ^ 

2% Compound ditto 12s Ud to 5 15 b 

297 Ditto ditto, full size, with Iluygeniau Eyc-pieto anti tvso 
Compound Acluomatic Oh|cet Glasses, one of two 
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£ s d 

inches and the other of half an inch focal length. Back 
and Pinion Motion and Fine Motion to Object End, 

Reflector, Cameia Lucida, Miciometer Scale into hun- 
dredths and thousandths of inches. Pleasure Box, For- 
ceps, Oondensei, Bottle of Canada Balsam, 6 Shdes 
furmshed with Objects, and 24 spare Glass Shdes with 
thin glass to cover Objects, &c , m Mahogany Case 17 17 0 

298 Compound Botanic Micioscopes, with Level Stage, three 

Achromatic Object Glasses — ^namely, two inches, one 
mch, and four-tenths of inch focus respectively, with 
Liebeikuhn for the highest powei. Two Eye-pieces, 

Polanzmg Apparatus, &c &c , m Mahogany Case 24 0 0 

299 Ditto (htto, very superior, with most impioved Stage, four 

Acluomatic Object Glasses — ^namely, two inches, one 
mch, half mch, and quarter mch focus respectively, with 
Lieberkuhn’s , Thiee negative Eyc-picces, large Con- 
denser, Polaiizmg Appaiatus, Camera Lucida, Stage 
and Eye-piece Miciometeis, three Daik Wells and 
Stage, Nachet’s Piism, Condensei and Side Reflector 
foi piincipal Stage, Appaiatus with Side Adjustment 
and Rack Motion foi adaptmg Achiomatic Condensei, 



&c &c &;c , in a Mahogany Case 


46 0 

0 

300 

Smaller Achiomatic Microscopes 

fiom H 7s to 

12 12 

0 


BAROMETERS, THERMOMETERS, ETC 



301 

Troughton’s Mountain Barometer, best eonstiuction 

12 12 

0 

302 

Ditto (htto, Gay-Lussac’s 

. 

7 17 

6 

301 

Ditto ditto. Ordnance pattern 

• 

7 17 

6 

304 

Ditto ditto, Englehcld’s 

• 

6 15 

6 

305 

Ditto ditto, ditto, with lion Cistern 

• 

7 17 

6 

306 

Leather Cases foi Englcfidd’s Baromcteis 

each 

1 1 

0 

307 

Standard Syphon Barometer 

• 

16 16 

0 

308 

Ditto ditto, with Glass Cover 


20 0 

0 

309 

Marine Baiomctcis 

fiom 4Z 4s to 

7 17 

6 

310. 

Chamber d’tto 

from 2^1 24 to 

13 13 

0 

311 

Best ditto ditto, with Float Gauge 


7 7 

0 

312 

Wheel Baromcteis , 

fiom4Z 4^ to 

7 7 

0 

313 

Symjuesomcter 


4 4 

0 

314 

Tiopioal Tempest Sympiesometer 

* 

6 5 

0 

316 

Wollaston’s Thormomctci, with Boihng Appaiatus, &c 

4 4 

0 

316 

Thcimometeis 

from 2s (id to 

1 15 

0 
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317 Standard Theimometcis 2/ 125 M and 

318 Six’s Self-Registenng Thermometers from IZ Is to 

319 Horizontal ditto (Maximum and Minimum) fiom 155 to 

320 Day oi Night ditto, Smgly fioin 7s 6d to 

321 Hygiometeij Pocket, Biass 

322 Ditto ditto, Gilt 

323 Ditto (Mason’s), Wet and Dry Bulb 

324 Ditto ditto, in Case, for Tiavelleis 

325 Ditto, Darnell’s 

326 Ditto, ditto, Laigei Size 

327 Ram-Gauge, Funnel, Bottle, &c 

328 Ditto ditto, with Scale 

329 Ditto ditto. Best 

330 Wheweh’s Anemometer from 12/ 126 to 

331 Lind’s Wmd-Gaugc 

332 Geothermometer 

[Vqtious other lands Tifiade to Order ) 


^ s (t. 

1 3 0 

2 2 0 
1 11 0 

0 13 0 
0 12 0 
0 18 0 
0 18 0 

1 6 0 

2 12 (> 
4 1 0 

0 U) 0 
2 2 0 
4 4 0 

15 15 0 
3 3 0 
2 2 0 


AIR-PUMPS^ BTC., AND APPARATUS. 


333 Profcsboi Leshc’s Machine for making Ice 

334 Ditto for ditto, with one Plate 

335 Laige Air-Pump, on a Stand, with Barometer Gauge 

336 Large Table ditto, with Syphon Gauge 

337 Middle Size ditto, with ditto 

338 Small Size ditto, with ditto 

339 Smgle Bari el ditto fiom 1/ lU i^d to 

340 Guinea and Feather Experiment, Receiver included 

341 Set of WmdmiUs from IZ 156 to 

342 Apparatus for Ficczing Watci 

343 A Bell for provmg that without Au theic is no Sound 

from 1()6 ()£/ to 

344 Brass Hemispheres, to demonstiate oxtemal Pressure 

houi 2()s to 

3 15 Model of a Water Pump 

3 16 Double Tiansfeiici 

317 Single Tiansfenci, with Fountain Pipe 
348 Glass Vessel foi Fountain lu Vacuo 
319 Si\ Brcalung Squaies, Cage and Cap 

350 Appaiatus foi Staking Sted and Flint in Vacuo 

351 Coppei Bottle, Beam and Stand, foi weighing An 


78 0 0 
18 0 0 
22 0 0 
15 15 0 
9 9 0 

6 H) (> 
4 I 0 

2 15 0 
2 12 6 
1 1 0 

111 (> 

I IS 0 

1 11 u 

3 3 i) 
1 5 i) 
0 7 0 
0 IS 0 
0 IS 0 
3 3 0 
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352 Model of Foicmg Pumps for a constant Sticam, with glass 

baarels 

353 Gun Lock Experiment 

354 Bacchus ditto 

355 Toincelhan ditto 

(And mnous other Eocpenments ) 


ELKCTRXCAIi MACHINES AND APPAXlATVSj 

356 A twclve-mch Electrical Plate Machine, packed with Medi- 

cal Apparatus 

357 A fifteen-inch ditto 

358 An eighteen-mch ditto 

359 A twenty-four-inch ditto 

360 A Cylindei Machine, 16 hy 10 

361 A ditto ditto, 14 by 8 

362 A ditto ditto, 12 by 7 

(Larger Machines made to Order ) 

363 tJmveisal Dischargei and Pi ess 

364 Jointed Discharger, with Glass Handles 

365 Ditto, plain fiom 46 Sd to 

366 Electneal Batteries of Combined Jars from 21 126 (^d to 

367 Cuthbertson’s Impioved Electrometer, with Grain Weight 

368 Bennet’s Gold-Leaf Elcctrometci 

369 Cavallo's Bottle Elccti ometei , for Atmosphci ical pui poses, 

firom 126 to 

370 Quadiant Electromctci, with divided Aich 

371 Kinncrslcy’s Electiometer 

372 Coulomb’s Electrometer 

373 Pith-Ball ditto 

374 * Lummous Conductors horn 126 to 

375 Tliundcr-house, for sliowmg the use of Couductois 

376 Thundei -house, with a Diawei 

377 Powder House, lor showing the use of Conductois 

378 An Obelisk or Pyramid foi ditto 

379 A Magic Pictmc lot giving Shocks from Ts bd to 

380 A set of 5 Spiral Tubes on a Stand 

381 A set of 5 Spual Tubes on a Stand, with a Dome 

382 Luminous Names or Words from 10$* bd to 

383 A Set of 3 Plain Bells 

384 A Set of 8 Bells, contamaig the Gamut 


£ s d 

3 3 0 
1 1 0 
1 14 6 
0 10 6 


, ETC. 

7 10 0 
10 10 0 
12 12 0 
18 18 0 
12 12 0 
10 10 0 
7 17 6 


1 16 0 
0 12 6 
0 8 6 
10 10 0 
2 12 6 
0 18 0 

4 14 6 

0 9 6 

1 1 0 
1 16 0 
0 16 0 
1 0 0 
0 8 0 

0 9 6 
0 16 0 
0 10 6 
0 16 6 

1 16 0 
2 8 0 
1 11 6 
0 10 6 
1 14 0 
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£ s d 

385 Diamond or Spotted Jais fromSi to 0 16 0 

386 A Small Head mth Han 0 8 0 

387 Spoitsman and Buds 1 16 0 

{All other lands of Apparatus to Order ) 


388 Atwood’s Machine for Demonstratmg the Law of Accelei a- 

tion m Falhng Bodies 20Z to 30 

380 Woilving Models of Locomotive Engines 
390 Model of Biamali’s Hydrostatic Press 
,i91 A Small Still with Woim, Tub and Lamp 
.}92 Wlmlmg Table complete 
393 Small Balances 
39d Hyihostatic Balance 

395 Model of Ccntiifugal Pump from 4Z IO 5 to 7 7 

396 Bai Magnets for Correctmg the Deiangement of the Com- 

pass in lion Vessels, 2 feet, each 21 2s , 14 inches, each 
1? , 8 inches, each 

{Models of Machinery, made to Order ) 


0 

from 20Z to 40 0 
15 16 
2 18 
30 0 

from 47 45 to 7 17 


0 10 6 


books. 

A Ticntise on the Piincipal Mathematical Instiumcnis employed 
m Suiveying, Levelling, and Astionomy, explaining then 
Constmction, Adinstraents, and Use, with an Appemhx 
and Tables By Ficdeiick W Simms, Sm veyoi and Civil ^ 
Bngiucei, late of the Boyal Observatory, Giecnwich, and * 
foimeily employed on the Ordnance Smvey 7th Edition, 
enlarged 

A Pia<»tic.il Treatise on Tunncllmg By F W Simms . 

Astiouonuca Tables and Formnlse By the late Ihancis Bmly, 
Es(i , F 11 S , &e &c. (a few copies only remaining) 


TUOIKJIITON and SIMMS bog to caution those who may have occa- 
M<«, to \Mite fimu abioad, that no lohanco can be placed on the gi muueness 
<tl Ibe Instiuiiients they obtain, unless the application be made dintt, or 
tbrmiaih the most lespectablc channels. 



